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THE GENITO-ITRINARY SYSTEM OF THE INDIAN GROUND SQUIRREL 
{V UN AM IH LUS PALM I HUM) 

B\ M A II Sidi»h*t 
Kim (li nniii h Mphk it Comm 1 1 < know 
It(\i iviil Mai cli 11 19 IS 

SUMMARY 

Thp grow anatom) of I hi' male genito-urinui) bjhU'ih of I hi common Iiitlmii giouiid Mpurrol 
(Funambului Palmarnm) liaa Itecn dew nbed A mu io*« opic stud) of tlu i ntiro loner [Killion of the 
a)8tem has also been made A Her turn luia been drawn to tin following feature* — 

1 The prostate glnnd is extra urethra) in situation nml i» connected with tin urethra bj one 
pair of dnets only 

2 The duct of the prostate gland mid that of the Heminnl \eMtIc o|xn iiidcpcmh nti) Into the 
urethra. 

1 The o« penis w present and has licen shown to In tin ossified ante i lor end ot the c i ura penis 

4 In tlie Amine an ground squirrel, Citrllun htdeoetnliiwalut, the bullio nntlind and bulbar 
glands along with the penile duct have been found to bo dculopmcntaily ectcxlcnnal in ougin and 
the proximal two-thirds of the jicnilc uiethia is purely tmlodermal ui origin 

IVTBOPUtTION 

hnnatnbulux ftUinaium is found abundantly m a wild state throughout tho 
Gangetic plain in Northern India Specimens were trapped nine and chloroformed, 
the gcmto-urinary sjstem was removed eu bloc and hxtd in fortnnlui Three blocks, 
cue of each of the following groups of structures, were embedded in cclloidm and 
cut serially at 15-30 micra — 

(1) bladder and musciihu urethra with the prostate gland and *etuinal vesicle 

ni situ 

(2) proximal 2/ Irds of tho penile uicthra with (Wper’s gland and the penile 

duct 

(3) terminal l/3rd of the penile urethra and the os perns 

Sections were stained with hajmatoxj hn and eosin Graphic reconstruction 
method was adopted for the tracing of ducts and other structures, 
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Th> GFMTo-unrsAin S^htfm 

The Kidneys, Jheteis, Kladda and Oielhia — 1 The kidneys have the usual 
characteristics of a mammalian inctanephros They he one on either side of the 
vertebral column in the lumbar legion embedded m the retro-peritoneal fat. 



Vie i 

Gemto urinary System of FvnabvlH* Palmarum 

A 1 Sagittal section of block A The ductus deferens is seen to cross the ureter And the 
seminal vesicle to occupy the most median situation The three duets are seen to he 
in the interval between the prostate gland and the neck of bladder 








OEM TO UHINARY hYBTEM OF +HE INDIAN 0 BOUND feQUIKIlEL 3 

A 1 In tenor of the bladder ami muaiular urethra lhe Ufevcal fold, genital fold and 

\eruraontanum are aeon Tho « |Mimto onhet h of I lit throe pair of duota nn whoivn 

II HagiUal section of blot k B lhe osmtiod anterior end of the crura (the oa jicnui) t vugiuates 
through the Hubatancc of the glass 

C Sagittal section of block 0 Tlie |>emle duct which dmuiH tho bulbo-urtthrul and bulbar 
glands runs \cntral to the pemh uathro snmramlcd by uivcruuuH tissue and onclotetl 
within the same sheath as the urethra. 

B Iliaddcr, Pr Z), Duct of prostate gland 0 (dans U 0 l ritual orifice SVD 
Duct of Seminal vesicle P D Pomlc Duct, V F \esiuil fold,/) D Ductus deferens, M U 
Muscular Urethra, G F Genital fold, U l rckr, Ii G llulbar gland, G P (umini |Mjueh, 
P Prostate, O P Oapcnis, c G Cowers gland, V \ criitiiontnnum, P U Penile urethra, 
C P Crura penis, E Fpidid>mis, T Testis, K Kidney N B Neck of Illaddir, U C 
Uretliml crest, 

The tlnn ureters, surrounded by a slu ath of fatty tissue, descend to the base of 
the bladder The bladder when distended is \cr> thin-walled and translucent, 
and rises abo\c the pelvic brim co\ oral on all sides by the usceral peritoneum 
It is freely movable veutro-dorsally at its neck which is attached to the 
muscular and, comparatively firmly fixed, prostatic urethra When empty it is u 
]wdc yellow, globular, and solid-looking organ lying m front of the prostate uid the 
seminal \ewicles which project to a more cranial level than the bladder itself The 
first or muscular part of the urethra runs candally between the rectum on the dorsal 
side and the symphjis pubis on tho ventral side, and tapers from a broad base at its 
junction with the bladder to a narrow apex in the perineal region where it becomes 
continuous with the penile urethra at almost a light angle It is sum-cylindrical 
with a flat dorsal wall which lies m close contact with the rectum The distinction 
of this part of the urethra into a prostutic and a mcmbranouH part hardly seems 
justifiable because in serial sections it shows a uniform structure all along although 
the muscular coat gradually diminishes in thickness towards the perineum 

Since the prostate gland lies entirely outside the urethral wall ind is only 
connected with the latter by a pair of prostatic ducts, a distinct prostatic part of the 
urethra does not exist I shall therefore call the entile peluc portion the muscular 
wethra since we cannot distinguish separate prostatic and membranous parts in it 
The mucous folds m the muscular urethra of the Indian squirrel ire very 
constant and characteristic The neck of the bladder invaginates into the urethra 
m its dorsal part in the foira of a semi-lunnr fold with the consequent formation of 
a pouch behind it About J nnn below this fold there is another identical semi-lunar 
fold with a second pouch behind it, this latter pouch is bilocular on account of the 
elevAtion of the veruinontanum which is attni lied to this fold mid-dorsall} and 
conveys the three pairs of genital and aceossoiy genital duets 

The second or penile portion of tho urethra begins m the pcaiucum vcutrallv to 
the anal canal And has enclosed within its own sheath the penile duct, which runs 
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ventral to it for about two-thirds of the penile length before it becomes confluent 
with the urethra Cranially the penis has a sharp ventral bend and ends in a 
beak-shaped glans containing the os penis To the naked eye the os penis is 
embedded proximal ly in an oblong reddish swelling of the glans at the root of which 
the prcpugul fold of skm is attached The two ciura which form the main body of 
the puns are therefore separate structures only nt their attachment to the pelvic 
bone The mam bod> of the penis, formed by the fused dorsally situated crura, 
presents a deep ventral gioovc into which is lodged the corpus cavernosum 
surrounding the penile urethra and duct The corpus cavernosum urethrae is 
timfounly tubular m shape and easily strips away from the cruml groove The 
terminal pait of the \n ms, distal to the ventral bend, is benk-shnped and has two 
parts, a proximal whuli is oblong m shipc, comp irntivcly soft and reddish brown in 
colour, and a distal part which is whitish and bony The nrcthia and the penile 
duct, while the> arc embedded ui the crural groo\e, aic surrounded by a thin lu>er 
of ca^rnous tissue which great!} increases m si/e in front and forms the oblong 
swt Ilmg at the base of the glans The crura traverse the dorsal part of the glans 
and term'll itc in the os penis which is really the ossified antuior extremity of the 
crura The uiethra tiaverses the gl ms ventrully to the base of the os penis and 
continues its forwnd couise on the vcntril convex aspect of the bone, surrounded 
only by a thin 1 i}er of soft tissue, and opens near the tip of the bone 

'Ihc 7r#//v —The testis ate lodged within a semi-pendant, dark-skinned scro¬ 
tum, the glands have a glistening white surface while the enveloping tunica albuginea 
shows tortuous blood-vessels The epididymis possesses both a pronounced head and 
a tul connected by a narrow body which half encircles each testis The vns deferens 
emerges fiom the tail of the cpidid}mis and, accompanied b} the spermatic \esscls, 
reaches the pelvic bfim through the inguinal canal, thence it courses its way 
through the narrow area between the prostate and the seminal vesicle on the dorsal 
side and the base of bladdei on the ventral While traversing this area the vas 
deferens runs caudal-wards pmillcl to the duct of the opposite side, gradually 
pierces the wall of the muscular urethra and opens into its lumen The vas deferens 
does not join with the duct of the seminal vesicle, but both of them open indepen¬ 
dently into the urethra and consequent)} there is no formation of an ejaculatory 
duct This is a diaracteristic feature which requires comparative study and 
embryological investigations 

The l^ostnte —In a fresh specimen the prostate is a compact bilaterally 
symmetrical gland, lying in apposition to the posterior part of the neck of the bladder 
and the dorsal part of the muscular urethra When the bladder is full, it extends 
be}oud the antcuor margin of the piostute gland which, with the fat lying m front, 
presents the appcnmuc o of a collar round the vesu il neck The gland is p)nunidttl 
in shape with its apex directed i>ostcnorly and the base facing the abdominal cavit} 
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and lying against the coils of the intestine Its anterior smface is concave and foims 
a bed for the fundus of the bladder, the lateral surfaces are convex and are adapted 
to the shape of the pelvic cavitv, while postenor surface presents i median groove 
for the lodgment of the rectum The ipex is closely applied to tin posterior part 
and the side of the neck of the bladdei and the upper pait of the muscul ir urethra 
When the gland is dissected m watu, one (an e isily distinguish a piu of lobes, each 
of which is di uned b) a sep uatc due t The so ducts pun e the suits of tin must u 
lar urethra and open into its lumen The whole gl ind, tin k fore, lu s outside the 
urethra, the only connection between the two being through the pan of duets which 
open into the latter 

The gland is invested extcimll) by a thin c ipsulo of areolar and iibrous 
connective tissue which ilso pt ntUnites into the subst iik t of the gland and divides it 



i’'tf - 

ilio Muscular 1 rclhiadit open from ventral salt to eh moiistriiti lh< I olds md 
Pouches (l)in^r tnmtk) 

Lrtteimg as in Kig L 

into a number of lobules Each lobule consist* of dost 1> packed tubules, the cells 
lining the tubules bong Kgulnilv ninngtd in a single 1 1 >ri At certain places, 
which are pci hips legions of gieitor ictivit), villous processes projoe t into the 
lumen of tlm tubuhs r l lie lobules adjoining the wnvulm ttnffna have slnrply 
defined uiculai tubules with flattened eells , thoo pieMimabh function as ducts for 
carrying the see return of peuipheiully situated active tubules 
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The Seminal Vesicles —The seminal vesicles are conical in shape and lie 
ventral I y to the prostate gland. Their bases are urenated m appearance and lie 
freely at the inlet of the pelvis, thus making it difficult to see the prostate gland 
from the front The narrow apex of each vesicle is continued into its duct, and is 
whitish m appearance but disappears behind the bladder, between it and the prostate 
gland On opening the narrow spice between the posterior surface of the bladder 
and the inteilor surface of the prostate, the duct of the seminal vesicle may be seen 
to pierce the urethral wall lateially to the ductus deferens 

7 he I^oslahc Uhnle —Even a very careful soirch made m my serial sections 
failed to reveal any trace of this organ 

The Btilljo-Uiithial Glands —Those glands lie on either side of the anal 
canal and their two ducts converge and join with the median bulbar gland to 
form a single pcuile duct which runs ventrally to, and in the same sheath with, 
the penile urcthri The two ducts, namely, the penile urethia and the ventral 
penile duct, are a constant feature of the serial sections passing through the 
pioxiinil two-thirds of the penis In the termin il one-third the two ducts become 
confluent 


Disci ssion 

(Yu Lam features in the anatomy of the genito-urinaiy system require special 
consideration in view of my study of the cmbr>oIog> of the American ground 
squincl or spermoplule 10 (filellus tndctenihncatnx) the gemto-urmary tract of 
whuli is almost identic il anatomicullj with that of fuuambulns pahnauwt 

The piostate gland, unlike that of man, lies completely outside the wall of the 
urethra, being connected with the latter only by a pair of prostatic ducts There 
is no anterior lobe of the gland Embrjologieally the gland set ms to develop very 
much like the p uicrcas or the liver of vertebrates A pair of diverticula are given 
off from the urogenital sinus, the pi oxmml part of which form the two ducts while 
the distal pirts give rise, by repeated and lapid proliferation outside the urethral 
wall, to the large prostate gland The large size and independent existence of this 
gland is a very favourable adaptation to the increased activity of this gland in 
Rodents In man the diverticula, although numerous, do not develop sufficiently to 
evagumte out of the urethral wall niul the gland in the adult remains permanently 
lodged within tho urethral wall, consequentl), if the gland undergoes hvportroph) 
the lumen of the urethra is more or less occluded and leads to a letention of unne 
The arrangement of the three pairs of ducts, 11 , ducti doferentes, ducts of the 
semin il vesicles and the prostatic ducts, requires to be explained by nil euibiyological 
investigation, winch 1 have not been able to complete for want of sufficient proper 
material In the case of the spermophilc and the Indian squirrel, where the ductus 
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deferens and the duct of tlio seminal vesicle open separately into the urethra, I 
believe that the developmental processes involved in the separation of the seminal 
vesicle diverticulum (duct of seminal vesicle) fiom the Wulllian duct (ductus 
deferens) is identical with that obser\ ed in the separation of ureteral bud (ureter) 
from tho Wolffian duct 

An increase m tho imr* pelv mn of the urogenital sinus encro idling upon and 
engulfing tho terminal part of tho Wolffian duct situ ited distally to the seminal 
vesicle diverticulum lends to the separation of the ductus deferens ind the duct of 
tho seminal vesicle, each having an independent opening into the urcthi 1 

This terminal part of the Wolffian duet forms the ejuulntory duct 
in nmn 

An indication that such a process is probable ih provided by the condition 
obtained in the red squirrel (T hnd&onicu'*) ui which it appears that the urogenital 
sinus, although it has engulfed the whole of the ejaculatory duct, bus not gone 
farther than the point on tho Wolffian duct where the semunl vesicle diverticulum 
anses, so that tho two ducts have a common orifice into the urethra The condition 
in the grey squirrel (S caiohncnsis) on the other hand, is haul to explain theoretical¬ 
ly The m dn problem is the identity of the common duct formed by the junction of 
the ductus deferens, the duct of seminal vesicle, and the prostatic duct There 
seems to bo only two possibilities (1) that it is the ojaculator) duct, and that the 
prostatic duct happens to open into it only secondarily, the prostate gland being 
primarily derived by an cvaguiation from the urogenital sinus, (2) that this entire 
duct is an evagination from the uro-gcmtal siuiis wliuh has engulfed the cjiculatory 
portion of the Wolfhan duct (identical xuth the condition w the sjm niophile) and 
has the opening into it of tho prostatic duct {the piostate gland being detelojml fum 
tins pmt of the urognuUd stuns) I am inclined to believe that the latter is the 
more likely possibility 

The seminal vesicles are glandular in structure and their alveoli ulmli are 
filled with mucilaginous material never show the piesence of spcimato/on Tho 
arrangement of the ducts strongly suggests that the vesicles are purely secretoiy in 
function and does uot store spermatozoa at all 

The prostatic utricle is absent both in the ease of tin spumoplulc and the 
Indian squirrel After studying the development of the Mullciinn duets in the senes 
of spermophile embryos I concluded that the absence of flic prostatic utricle from 
the adult urethral wall is due to the nonformation of the vaginal (Frazer) or the 
Sinp-vaginal (Koff) bulbs from the urogenital sinus, associated with a completo 
retrogression of the Mnllcnan ducts 

The muscular urethra, as the name suggests, jiossesses a thick c ont of smooth 
circular muscle-fibres along its entire length winch is continuous crniuully with the 
comparativ oly tlun-walled bladder 
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The homology of the bulbo-methrul gland, bulbnr gland nud the ixmilo duct has 
been discussed by Mossmnn mid other puvions investigators on the subject 

I lm\o been able to study the <mbr>ology of this region in the ease of spermo- 
phile and havo como to the conclusion that the bulbo-urethrul gland, bulbar gland, 
the penile duct and the teiminul part of urethra lying distally to the orifice of 
penile duct me puroh tc todcrmnl m origin and are homologous with (1) the bulbo¬ 
urethral gland, (2) the floor of about the proximal two-thirds and ( i) the whole 
terminal one-tlurd of the pc mlc urethra in man The penile urethra, pioxmml to the 
orifice of the penile duct, is puiely cndodermal, being derived from the urogenital 
sinus It is homologous with the roof of the proximal two-thirds of the urethra in 
man It is sigmiicuit to note in this connection that in the urethra of than the 
lnt tmn* are found only along the eiidodeimal roof and so that the lacuna mngna, 
marks peril ips the nnterioi limit of the extension of the urogenital sinu9 Mossman* 8 
suggested the et tndcunnl origin of tin bnlbo-uicthml gland as a possibility which I 
bedmve is com* t 

The os p* ms is homologous with Liu mtiiior * nd of the (rura in man In the 
Hciundac tin antenor cuds of the ciiiii become outlied ind me pointed into a 
beak-shaped process which pierces through the substance of the glans (paginates 
and carries a thin lajer of glandular tissue ovei it 
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GEMTO-URINARY SYSTEM OF THE INDIAN GROUND BQUIRRM 

Expianaiion ob Pi atf l 
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These Photographs tire till of a sexually inactive Indian ground Bqiurrel 

palmarum) 

Figures 3 and 4 The throe pairs of du< ts arc seen entering through n hiatus in tin inusculnns at 
the neck of the bladder 

5 fhc ducts have entered the imiscularm 

6 Tne dmts are running in the submucosa The ducts of prostate gland lmu 

migrated well m towards the lumen of urethra 

7 Hie dm to arc in tho substance of the vommontmiuni The lift pros! at u duct has 
ojioned out ihc genital fold und the jwnuh Muml it is seen on the lift suh 

^ Both the proslattc ducts have already opened out ihc dint of h ft annual 

a (Rich is opening (icmtul fold and the pouch are premium cd on both tin sides 

9 rhe dutt of miiiiiihI \csule and the ductus deferens arc ojMinng a< paraUl) on the 
le tt side 

10 Section showing part* of the seminal \csu le and fh< prostate gland in tho same 
Held The tao glands arc strm luridly quite drift rent 

11 Section through th< ixwtonor jwirt of tin hulbo tinthral gland showing tin major 
colJeetmg duets 

1] Section showing tlu duets of bulbo urethral glands passing through the bulbar 
gland 

13 Section through the hulbnr gland showing the common tavify (beginning of the 
penile iluitl 

14 Seition tlmnigh the proximal portion of jx idle im thra showing the urethra and 
the punle diut surroumleHl by cavernous tissue and enclosed within a common 
sheath 

BUG Bulbo-iirethrnl gland ( T retlirn B G Bnlbnr gland > I) fi l G Duet of 
hulbo urethral gland Z J D Punle Duct /V, D Dmt of Prostati gland, C ( Corpus 

cavcmosum, Sv I) DiU of SmiiuiuI \ osiclt Vr Prostate gland & V N iniiud vesuh 

l) D Ductus Defer* ns 



ON A NEW SPECIES OF THE GENUS ASTIOTREMA liOOS8, 

J901, FROM THE INTESTINE OF A FRESH WATER FISII, 

CL ARIAS BiTRAClIUS (FROM LUCKNOW) 

Th J Dayai 

lVPARTVFNT OF 7oOUX LrCKNOR I t \IVFRMITY 
Received March 1,1918 

SUMMARY 

Atliotrtma datsia is a small tremntodc 2*2 nun long by 0*42 mm brood The skin fa 
povorod with spines Oral sucker is equal to ventral sucker l'rcpharynx Is absent, pharynx and 
oesophagus uro util de\ eloped , the inlestmal tncca run up to the poitenor end of the body 
Genital opening is situated in front of the ventral sticker a little to the right. Testes are slightly 
lobed and tandem m position Cirrus sac is large and extends up to the ovary Receptaculum 
semims is small Vitelline glands extend from the ventral sucker to the posterior end of the hinder 
testis. The relationship of the form is discussed and a key to the species of the genua is given 
in the paper 

Loohb (1899) erected the genus Astia to include Astta impletum and Astm 
i emfei um ( Jhstonmm, lemfemm Looss, 1898) Looss (1901) changed the generic 
name to Ashot) ema, the name Asha being preoccupied, and both the species were 
included in the genus Since then several species huve been described and added 
to the genus which now contains the following species — 

1 A impletum, Looss (1899), 2 A temfenim , Loose (1898), 8 A 
monhccllt, Stossich (1904), 4 A cmydts, Ejsmont (1930), 5 A elovgatum, Mehrn 
(1981), (Syn A gauge hens, Ilnrshc 1932), H A loossv, Mehra (1931), 7 A indtcn, 
Thapar (1933), 8 A spmosa, Chattcrji (1933), 9 A odhnen, Bhalerao (1936), 
10 A ninth Bhalerao (1930), 11 i ouentnte, Yamagult (1937) 

The form described in the present communication differs from others in 
important characters and hence the necessity of erecting a new species 

Ashoti etna dnssia, N Sp 

Asttohcma dnssia is a small cylindrical trerantode with rounded anterior 
and posterior ends It is 2 2 mm long by 0 42 mm broad in the region of the f>ot) pe 
The skin is covered with small backwardly directed spines 

The oral sucker is circular and subtcrminnl in position It is 014 mm in 
diameter The acetabulum is circular and equal to the oral sticker It is situated 
at a distance of 0 65 mm from the anterior end 

10 
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I'lg 1 

Ventral view of Aattohenia dassta 

The month is an oval opening at the antertor end of the alimentary canal 
It leads into a muscular pharynx 0 05 mm long by 0 06 mm broad Posterior to 
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the phar>»x is along (esophagus 031 mm long by 003 mm broad, the latter 
bifurcates into two intestinal crecu uhiSh rim up to the postcuor end of the body 

The excrctor) jjoro is terminal and ia situated at the posterior end of the body 
It leads into a ^ -shaped ixcretor) bladder which extends up to the oot)pe, where it 
brant lies into two short di\ crticul * 

The guutnl opining is situated in front of the acetabulum a little to the right. 

The male icproducti\c organs consist of two ttKtes with irrcgulir margin 
giving it a lobed appcaiauce They he one behind the otlur m the posterior half of 
the bod) 1 lie anterior testis is smaller than the posterior and is 010 mm long b> 
0 2 mm biond It lies it a distance of 1 2> mm from the anterior end Ihe jiostonor 
testis is 0 2 min long b> 0 - ,f ) mm broad It is situated at a distance of 1 5 mm from 
the anterior end 

Ihe cirrus sac is largo and extends nH i ir as the oxarj It is 0 12 mm long 
b> 0 08 mm brond Tlie seminal vesiclfc is large and occupies n greater portion of the 
cirrus sac It is 0 22 mm long by 0055 mm biond it opens through a short 
ejaculate!) duct into a long narrow cirrus 0 07 mm long The litter opens at the 
genital pore in front of the acetabulum 

Thcovnr) is an oval organ lying at a distance of 0 05 mm from the antcnoi 
end It is 013 mm long by 015 mm broad From the lander end of the ovary 
iiists the oviduct which opens into the ootype A large number of unicellular shell 
glands surround the ootype 

Ihe receptaculum seminis is a small pear-shaped organ situated on the left side 
of the out) pc It is 007 mm long by 0 045 mrn broad A I^auror^s canal is present 

4 he Mtclline glands consist of small follicles mainl) on the lateral sides but 
cover the intestinal c«ca and at places extend into the inter-decal area They ex¬ 
tend fiom the ventral sucker to the hinder region of the posterior testis The two 
tnnsversc vitelline duets formed by the union of other ducts meet behind the ootype 
to form a common duct The latter runs forward to open into the ootype 

The uterus arises from the left side of the ootype opposite the opening of the 
oviduct and runs postenorly m a sinuous course towards the posterior end It then 
passes an tend ly hi the same manner, to the left of the cirrus sac, and opens into the 
genital j>ore 

The eggs are oval in shape coveied over b> a thin brown shell They measure 
0 020—G 020 mm in length by 0012—0014 mm in breadth 

The characters of the new form may be summarised as follows — 

Small c)lmdncnl body covered with small spines, oral siu ker equal to ace- 
tibulum, preplan*)nx absent, naophngns long, testes slightly lobed, situated in the 
postenor half of the body one behind the other, cirrus sac large and extending up 
to the ovary, receptaculum semtiua small, vitelline glands extending from the 
veutral sucker to the postern? end of the hinder testis 
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Re mails —The new form, ema cftmw, resembles A wdica Thapar (193 J) 

in having both tho suckers equal but differs from it in the absence of prephar>nx, 
in the shape and position of teste* 1 , in the extension of utclhnc glmuls and in the 
shai>e and si/c of the reccptnculuin scnuius 


K^^ m mt m jin- G>m s \hnmuM\ 


1 Oral sucker equal to ventral su< ker 
Oral sucker smnllet than \entnd sucker 
Oial suckir liiigei th in ventral sucker 

2 Reccptnculuin scmims larger thin o\ar>, suiulmiar in bhqu 
Vitelline glands extend from the \entral Maker to tin 

anterior end of the postenoi testis 

Receptacuhim senums mmh snnllu th in o\ u) uni pcni-*di iptd 
Vitcllinc glands extend fimn tin wnfril Mi<k<i to the postenoi 
end of the postenoi testis 

5 Testes ioutided, nnigius smooth \ i(< Him gl inds from the 
ventral sucker to the limdei c nd of tlie interior U ^tis 

IVstes rounded, Mtellinc glands m only ixtiauecal fiom a little 
behind acetabulum to near uical t nds, It ivmg tin I itter uiicomiuI 

Testes deeply lobed, utdinna fiom tin o\m\ to tin huulu 
region of the postcrioi testis where llu> extend bt)ond it 

4 Intosfni il bifuu itioii pi^tnim to \< utial siu ku, intestinal 
caia lernun ite antuioi to postaior ti *»tis, \iUilim gl nids U w 
Tutchtmil bifurcation auburn to \<n(i d siu kc i 
1 Vikllim follic I<h continent in< cli \ll> tntenoi to Ktlabulum, 
testes and o\ar\ rounded and ibout et|inl in si/i 

Vitelline follicles not lonfluent mtuioi to leetabulum, testes 
dwtinctl) Iirgd thin ovai> 

b Testes loundi d with smooth in iigins 
Testes lobtd 

7 Intestinal bifurcation behind genital pore, vitdhnc glinds 
from the middle of oesophagus to the middle of lutcuor testis 

Intestinal bifurcation in front of genital pore 

8 Testes hiducy-shaped, vitelline glands extend from the 
ventral sucker to the anterior testis, ovury nc ir the middle ot tho body 

Testes rounded, vitelline glands extend from the ventral suckci 
to the anterior region of the posterior testis, ovary near uu tabulum 

9 Testes not deeply lobed, intestinal circa extending behind 
posterior testis 
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Testes deeply lobed, mtestmal caeca not extending behind the 
posterior testis A. odhnert 

I am deeply indebted to Dr O S Thapnr for his kind help and placing at my 
disposal his valuublc library 
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ON THE OCCURRENCE OF SARJ WIN KM I ()] IS (SKIM Alii NT, 1015) 

IN INDIA 

Bv M Ahvuhh ilam, LVP 

IlFMOXHTRATOK, IVNJAB VkTERINARY C'ol I M F I.AIIOR 1 
CommuiiK utetl by I)r TI R M< hni 
Received Manh 8,1918 
SUMMARY 

1 Skrjabxnrma ovit (Skrjnbln) lms lieeu recorded hh om iirring in a fnt tailed rhiip bom and 
reared at the Allalidad Grantee Farm, Jahanm (Punjab), (or the fin»t turn in India 

2 Previous work on tlna pieties has belli n fern'll to and it p'o^nifilin nl diatribution and host 
liat given 

In August, 1937, the author had an opportunity of examining two li\ ing pinworms 
which had been passed out in a speck of mucus by a sheep suffering from diarrhoea, 
at Johauui (Punjab) On examination both were found to be females of 9, bj/tbntrnia 
on* (Skrjabin, 1915) 

This parasite was first described by bkrjabiu 7 (1915) from sheep in Turkestan 
His material also consisted of females , and, on this account he was only able to 
nssigu his specie s to the genus Oxynn s I/iter, Wei t sc htst Ingin 10 (192b), who 
found both male and female of the species in a collection of goat parasites from 
Turkestan, created the new genus Skrjabniema foi this parasite From the snmc 
locality its occurrence in a wild host ( (itnella tuiltgollmosn) was reported b\ Rohul/* 
(1928) Outside Turkestan, Schwartz" (192<) reported the ocuirruue of this 
pinworm in goats in the United States, Morgan 4 (1930) in the British, and Bohtn 
and Gebauer* (1930) m the Austrian goats Mooing 1 (1932) found this species in 
anotlier host, the South African Stcenbuek (Rhaplueeios tamptsb is) Recently, it 
bns been pointed out by Swales 11 (1934) that ShrjubmeuM ituaiub wInch had been 
described from the Arctic Reindeer (Rangtfei Inranthts ) by Skrjabin and 
Mizkewitsch 8 (1930), is identical to Shtjabinemn on s Schwartz", Morgan 4 and 
Mon nig* as well ns the original Russian workers hn\o contributed to out knowledge 
of the morphology of this worm Hitherto this species has not been lecorded from 
India. 

The two femalo worms at the writer’s disposal were carefully studied nud 
compared with the description of the Russian material as quoted by Bnyhs 1 (1929), 
and of the British specimens as described by Morgan 4 (1930) Tho writings of 

IS 
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Schwartz* and of the original Russian workers were, unfortunately, not available 
to the writer A reference to Table I will allow that the Indian specimens of this 
species are in oomformity with the Russian and British specimens, in all important 
measurements The eggs are, howe\ei, shghtb smaller but the writer does not 
consider it to be a difleicnte of n specific nature 


Tabk J 

(All measurements in millimeters) 



Russian spe< 1- 
mtns (After 
Ri>liS 1929) 

British speci¬ 
mens (After 
Morgan, 1930) 

Indian specimens 

Length 

(58—7 64 

6 87—71b 

GOO 

Breadth, miIvui ugion 



034 

Breadth, head 


0 08 

0 084 

Excretoiy pore, distance fioni 
anterior end 


140 

148 

Nerve ring, distance from 
anterior end 


: 

018 

Oesophagus total length 

0 04—0 77 

0G0 

074 

Ocsoplmgial bulb dmmetci 

017—0 24 

010 

016 

Vuhn, from head end 

2 0-2 24 

‘234 

190 

Jail 

0 0—117 

088 

088 

Lateral nine, end fioni pos¬ 
terior extiemit) 


00 

048 

Eggs, length 

0 004-00*17 

0008—00(>} 

0043—00.00 

Eggs, bi eadth 

0 0'} 2—0 034 

oo3-o <m 

0026—0020 

Vagina, length 


0 22 

0 25 


The one > ear old fut-tailed sheep (Rwnj Damha) from which the material had 
boon collected belonged to the Allahdad Grautee Farm, Jalmnia (Punjab) The 
animal had been reared in a flock of sheep indigenous to the locaht), which had not 
had any contact with imported or foreign sheep m the past It is therefore probable 
that the infection is of a long standing in the locality Indeed, it is possible that it 
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may lm\e been introduced into tins country from 'liirktstnn, before the nineteenth 
century when thero was mu< h traffic in livestock between Central Asm and India. 

Tt will bo seen that prtuously this parasite had not boon recorded from its 
t) pc host (sheep) outside Tut kcstan Pci haps a (artful search m goats and wild 
ruiiunnnts will ie\cil u wider distribution of this parasite m Indian hosts Dinrrhua 
and other sunptoms in the host annual at Jahania were, in the opinion of the writer, 
too severe to be attributable to the pieseneo of this parasite 

The author takes tins opportunity of tendoi mg his grateful thanks to Khan 
Sahib Prof Knram Ellalue, Professor of Parasitology Punjab Vetermao College, 
Lahore, for lus t neomugemeut and tin facilities kincll> pnnidcd b> him for work in 
his laborntoiy 
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STUDIES ON THE EFFECT OF ALCOHOL ON THE 
RESPIRATORY RATE OF LEAVES 


B\ U N ClIATTFIUI 

Botany Pkcartmknt, University of Aitaiiabau 
Uoccivcd April 28,^038 

hUMMAR\ 

Experiments were carried on with n nuv to find out the effect of alcohol on respiration 
Definite ixrccntogefl of ethyl nlcoluil >\cn. introduced into the leaves of Eugenia jambolana , the 
amounts of alcohol thus entering the leaves have been ascertained The subsequent acceleration of 
the respiratory rate has been compand with the amount of Alcohol entering the leaves The occelsra 
tion of respiratory rate produced by alcohol decreases with time The percentage of alcohol that 
brings about the maximum nocelnration of the respiratory rute at the beginning does not mauitum 
the increased production of carbon dioxide but subsequently brings about a rapid fall On the other 
haud the alcohol solutions that produce milder stimulation maintain the enhanced respiratory rato 
for a much longer tune; 

Intkodlctjov 

It 1ms been reported by venous authors that anaesthetics affect the respiratory 
rate of plants Thus Ewart 4 and JSnheskn 18 among the earlier workers found 
that respiratory rute increase by the application of certain anaesthetics* According 
to Kostychev 13 respiratory carbondioxide production is more accelerated by fer¬ 
mented sugar solutions than b\ m»fermented ones In mg 10 and Thoday 13 report 
that very small doses of chloroform enhance the respiratory rate of certain leaves 
More or loss similar results have been reported by Thomas 17 , Gustafson 7 , Irwin 1 *, 
Haas 8 , Ray 14 , Smith 13 and Karlscn 1 * The general conclusion is that nunute 
doses of certain nn icsthctics stimulate the production of respiratory carbondioxide 
while stronger doses retard it 

It must be noted however tli it m all the investigations mentioned above tho 
anaesthetic has not been m any vvny introduced into the plant materials worked 
with , they hn\e rather been exposed to nn atmosphere containing the nuacsthetis* 
ing material oi him been floated on solutions of tho anaesthetic By such methods 
some amount of the chemical substance employed no doubt enters the plant 
material woikcd with , but there is no knowing as to how much has actually gone 
in A measure of the anaesthetising substance actually entering tbe plant is 
important rather than the dose exteriorly applied The response due to an anaesthetic 
can be correlated with the amount of the anaesthetic that actually goes in when 
that amount is known In tins paper the effect of different doses of alcohol on 
respiration 1ms been studied fiom thin point of view 

19 
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The plant material used in this woik were lcives of Lngtntn jainltolana 
Mature green leaves, as distinguished from the red young ones, were chosen for thu 
work With some cxpuiencc and with the help of the position they oe* upy on trees 
it was not difficult to distinguish these U nes from the older leaves Itww thus 
ensured that the leaves selected were more or less similar in ige 

The amount of cnrbondioxide given out has been taken as a measure of 
respiration This was measured by variation in the strength of birium hjdroxide 
solution, contained m n series of Pettenkoffer tubes, after the respirator) current had 
passed through it BInckinui’s air commutator was used to transfer the respir itory 
current from one tube to another after an interv il of three hours The thermostat 
bath in which the leaf-chambers were kept v\ ir inaintuned it *T> (* f Jlus a ''thod of 
earbondioxido estimation is quite well-known aiul mod not lx descubtd m dctul 
The alcohol used in this work was ethy 1 alcohol (CIIiCIL Oil, K Aierek) 
and wherever in tins papei the word alcohol is used, ethjl alcohol is nu mt. r Ilu 
different percentages of alcohol were prepaied b) volume and all calculations have 
been done on the basis of fresh weight of leaves 

The actual procedure was as follows — 1 The Illvch were brought and their 
lununa washed with potassium permanganate solution and steuhsed distilled water , 
they were then kept for several hours After this they were div ided into two sets 
and the air respiration of both the sets was measure d for 24 hours The first car- 
bondioxide estimation was rejected If there was any great difference in the respira¬ 
tory rates of the two sets, the leaves were rejected and a fresh experiment started 
After this intcival of tunc the leaves were taken out and one set was injected with 
distilled water and the other with alcohol solution By weighing bcfoie and after 
the injection the weights of water or ah ohol entering the leaves by injection were 
determined The leaves were then replaced in the cluunbiis , the first carbondioxule 
estimation after injections was also rejected Injection was earned out by mains of 
a vacuum pump The leaves were put in i large test tube tilled with water or alcohol 
solution as desired , the tube was connected with tho pump which was then worked 
On releasing the pressure after some time the loaves got injected %ith the liquid 
in which they were kept The time taken for injecting the leaves and putting 
them back again was never more than 10 minutes The end of 24 hours may there¬ 
fore be taken as tho zero hour of alcohol or water injection 

Experimental Rem, its vm> imhclshiov 

The experimental results are summarised in the table I In the case of water- 
injected leaves, instead of cnrbondioxide values m separate oases, an average 
respiratory rate has been given in the table for coinpanson Cnrbondioxide values 
of air respiration have also been given to indicate the respiratory rate in air 
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It will bo seen from table I that respiration of excised leaves begins it a 
high rate md then fulls with time before finding u more or less level phase The 
level phase of respiration after the fall seems to be the normal rcxpmitoi) i itc in dark¬ 
ness It is nee essnry to examine the rate of respiration as nth etui b) the injection of 
distilled waiter and to compare it with tin normal ispnatory rite in nir,witer- 

injected leaves were used to servo as controls for alcohol-injected k ives-the 

relation between the respiratory rite of alcohol-injected k ives ind tint oi uumject- 
ed ones can therefore be easily deduced It must be mentioned here tint b) injec¬ 
tion the intercellular spaces of leaves got filled up with either witei or alcohol- 
solution And, till the liquid in the intercellular spaces diffused into the idjoining 
cells, the leaves wete subjected, pirtl) nt lct*d, to a condition of temporal) 
nimerobioms As has been said, about three hours wen allowed to piss befoic any 
carbondioxide estimation ifter injections wis taken into account It was assumed 
that this interval of time was snthcu lit to restore the aerobic condition but no 
attempt was made to determine whether this w is actually so It is also evident from 
Table I that water-injection causes a temporary rise m the respiratory rate of leaves 

-the rate being not only higher than the leave s respiring noun ill) m air but 

also higher than that before injection btveid authors 2 * 11 ,K ha\c reported 
increase m rcspiratoiy rate by water The mci eased rate of caibondioxide 
production may also be paitly due to the iiu \it iblc handling of leaves during the 
injection operations, Godwin 6 , AucIun 1 md linker 3 repoit tint kindling «ts 
ns a mechanical stimulus in uitreising respn ition Wlntevei be the cause 
or causes, increased carboudioxidi production of water-injuti d leives does not 
coutiuiu foi a long tune and, after 0- 4 ) horns iftor injection, the respiration of 
injected and unmjccted le ives an ilinost equil it will not be a mistake therefore 
if, except for this short-lived stimulation, tho respiratory rate of water-injected 
leaves be taken to represent the nomnl r ite of respiration in air 

Amount of alroltol intrnng tin laves —Ikfori considering the cfh ct of dcohol 
on respiration it will bendv uitageous to know what unount of alcohol < nti 1 flu leaves 
by injection The amount of alcohol solution entering tlu leaves by injection vv is 
found out in each case is 1ms ulicady been and from this the w< iglit of alcohol 
introduced has been cak uhited ns shown niTiblell Vquous solutions of alcohol 
were injected into tin leaves f l he ref die m order to get the true effect uf alcohol 
on respiration my stimulation brought about by water alone will have to be 
subtracted from the combined oticct of the two In this uumcction it will be 
recalled that the i fleet of water-injection, although aftciwards quite negligible, 
is most felt about Mi hours afar injection, a |ienod whuh sjnchroniscs with 
tho maximum stimulation produced b) alcohol solution The data obtained b> 
subtracting the effect of watir in each expenment from the (fleet of aquous 
solution of alcohol (3-ff hours after injection) have been plotted m Fig 1 m which 
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tbe amounts of alcohol entering the leaves have also been shown It will be seen 
that cnrbondioxide production is accelerated by alcohol nccumulation within the 
leaves upto a certain extent and then fulls with the increasing concentration and 
amount of alcohol The maximum output obtained seems to be somewhere near 
10% alcohol 


Table Jl 


1 

Alcohol injected 1 

I 

Mgms of alcohol entering the leaves 
(per 10 gms) 

o<y 

hi fQ 

553 

3% 

<>48 

4% 

1011 

5% 

1303 

6% 

151b 

8% 

189 0 

10% 

237 0 

J5% 

367 3 



Vig 1 

The amount of alcohol entering the leaves and the respiratory late 
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It Will be easy to compare the rates as affected b> different percentage* of 
alcohol and water with that of normal air respiration if all the relevant data could be 
plotted on a single graph and the smoothed-out curves shown This has been done in 
Fig 2 in which the curves represent the respiratory rate in mr and respiratory rates 
ns affected by water nnd different alcohol solutions Tin stimulation of carbon¬ 
dioxide production, as is evident from this figure, increases with increasing con¬ 
centration of alcohol Hie nccelarntion however dies down with time and after 
24 hours after injection the carbondioxide production falls to about the normal 
level 



Hours 


Fig 2 

The i An t of iliflcrent pctvontajp s of nlcnhol 

The cnrbondioxido estimations were begun after several hours after injection, 
when, it is nntural to suppose, tiie effect of the stimulus supplied Ind probably been 
to some extent modified But theoretical values at zero hour of injection can bo 
obtained by extrapolating the curves to the time when normal carbondioxide 
measurement was stopped ns shown in Fig 2 In Table III nro given the expen* 
mental nnd derived carbondioxide values ns enhnneed by water-iujcction 



24 


BOTAKY U X OHATTEBJI 


• 

Table III 



CO, o£ norma])} 

! CO, of leaves 

CO, of leaves 

Accelaration by 
water 

respiring lea\ es 
(Exp) 

injected with water 
(Exp) 

injected with water 
(derived) 

Experi¬ 
mental | 
value 1 

, 

i Dei ived 
value 

l r ) ingms 

- 17 2 nigrns. 

213 mgnrn 

■ 

G 3 nigrns 


In Table TV are computed the first earbonchoxide values after alcohol injec¬ 
tions with those obtained b> extrapolating the curves The derived values in the 
majority of cases, st md much lughu thin those experimentally obtained, suggesting 
that the need iration uould prob'd)! v be much grtntr r at zero hour after the applica¬ 
tion of the stimulus 


Table IV 


Alcohol 

( O, of )cn\ es 

CO, of leaves 
inj< < ttd witli 

CO, of leaves 
injected with 

CO» of leaves 
injected witli 

Accelaration by 
alcohol 

injected v\ ith 
water (Exp ) 



lujeeted 

Alcohol 
(fcxp) 

vwiter 

(derived) 

alcohol 

(derived) 

Derived 

value 

o«y 

17 2 mrjniH 

18 2 mgins 

213mgms 

22 3 ingmfl 

1 mgms 

1 mgms 

3% 

l , 

1 1 ( *2 


23 3 

2 „ 

a 

4% 

H » 

| V) S 

♦» »» 

25 0 

26 „ 

37 „ 

5% 

1 M >» 



27 b 

34 „ 

63 „ 

6% 

M *1 

20 2 


28 5 

30 „ 

7 2 „ 

8% j 

« n 

214 „ 

■ 

M M 

307 

4 2 „ 

04 * 

10% | 

* M 

1 

230 „ 

>» *1 

345 

58 „ 

132 tt 


The percentage increase of t arbondioxide production over the normal respirator} 


rate (Table III) 1>) different concentrations of alcohol is shown in Table V—the 
percentages ,ue calculated both fiom increases cxperinuutall) obtained as well ns 
from data domed b> extrapolating the tunes 


Table V 


1 

Alcohol 1 

injei ted 

Poieontago increase obtained 
experimental 1} 

Percentage increase 
from deriv <*1 
value 

2/ 

6 7 

67 

3% 

133 

133 

4% 

17 3 

247 

6% 

22 7 

420 

6% 

200 

480 

8% 

28 0 

62*7 


320 

88*° 
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Dumlton of increased car bondtoxide production —It has been pointed'out 
that the stimulation of cnrbotidioxide production by alcohol decreases with 
time This has been clcnrlj shown in Fig 8 If the interval of time 
between 3-0 after injection is taken into consideration the stimulation of 
cnrbondioxidc production increases as the c oncentmtion of alcohol increases, the 
highest stimulation being obtained with a 10% solution Rut if a period of time 
twelve hours after injection is considered it is evident that the earstwhile maximum 
stimulant has yielded place to a solution containing a lesser amount of alcohol, 
the greatest stimulation being obtmnod with 4- r > percent alcohol After 24 hours 
after injection the stimulation almost dies down Thus the maximum stimulant 
(10% alcohol) at the beginning does not maintain the increased pi eduction of < arbon- 
dioxide but nctunll> brings about a rapid fall, reducing the cnrbondioxidc produc¬ 
tion to a level below that of the normal air respiration On the other hand milder 
percentages of alcohol maintain enhanced rate for a much longer time 



Fffect of alcohol m related to time 


Total car bondumde production after injection —The period during which 
cnrbondioxidc was estimated after injection was 24 hours. The total amount 
of carbondioxidc evolved during this time by alcohol-injected leaves may be 
compared with the average carbondioxidc value of leaves injected with water 
and that of the uninjectod leaves during the same time (Fig 4) In this way the 
alcohol solution that produces the highest stimulation when a larger interval of 
tunc xs considered is found to be a 5 percent one 

Ratio of total ear boruhoxtde production —The respiratory rates of two sets of 
leaves—the experimental and the control—were never exactly the same even before 
injection, although they were very nenrlj equal Therefore if the ratios of cnrbondi- 
oxtde values of the two sets are known before and after the stimulus is applied then 
the comparison of the two ratios obtained will be the most correct method of appraising 
the effects of the stimulus The control throughout has been water-injected leaves 
F 4 



26 


BOTANY U. H OHATTBBJI 


and the very temporary nature of the stimulation produced by water injection has 
already been alluded to , after this brief nso the respiratory rate returns to that 



Fig 4 

Total carbondioxide production for 24 hours 

normally obtaining m air If the carbondioxide values before and after the water 
injection be plotted on a graph and the two portions of the curve (before and after 
the injection) be joined so as to neglect the temporary nse, the possible carbondi¬ 
oxide values for normal air respiration may be obtained The carbondioxide values 
of air respiration for the equivalent period during which those of different alcohol- 
injected leaves were estimated are thus obtained and the ratio can therefore be 
calculated The ratios before and after tho injections are compared in table VI 


Table VI 


Alcohol 

injected 

Before injection 

After injection 

OO, values 
of control 
set in 
mgms 

CO * values 
of experi¬ 
mental set 
in mgms 

Ratio 
CO* ex¬ 
perimental 

CO* vnlues 
of control 
set in 
mgms 

CO* values 
of alcohol 
set in 
mgms 

Ratio 

CO* alcohol 

CO* con¬ 
trol 

00* control 

2% 

1310 

1328 

100 

118*7 

1271 

107 

3% 

1351 

1342 

99 

1181 

136*3 

115 

4% 

135 5 

1335 

99 


1392 

114 

6% 

1818 

1386 

102 

1238 

147*9 

119 

6% 

1342 


101 

1213 


118 

8% 

1310 


101 


137 4 

118 

10% 


1309 

99 

1215 

1219 

1*00 

15% 

132*9 


*99 

123*2 

786 

64 

20% 

1345 

135 2 

*99 

123*5 

541 

44 

25 % 

183*2 

1335 

1*00 

1254 

490 

*39 
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If tho different values of ^1 t ' ,e n ^° vo tn ble be winced to 
unity and the corresponding values of he calculated then all the values 


- C Ot alcohol 
0 CO* control 
in this way 


become directlj comparable 


Tnble VII giveB the values calculated 


Ittblc VII 



Before injection 

1 After injection 

Alcohol injected 

CO* experimental 

COj control 

('Oj alcohol 
t ('Oj control 

1 

10 

2* 

1 

1 

' 107 

1 

3% 

1 

! lib 

1 

4 % 

1 

ll r » 

r > % 

1 

| 117 

0% ! 

1 

117 

8% 

J 

1 

l 12 

10 7 

1 

101 

15% 

1 

b5 

20% 

1 

44 

25 % 

1 

3‘) 

1 


Thus the effect of alcohol in stimulating tho respiratory rate increases with 
the increasing concentration of alcohol, the limit being reached with 5%-b% solu¬ 
tions. Beyond these strengths the production of carbondioxule progressive!} 
diminishes with increasing concentration of alcohol, the output falling with more 
concentrated solutions to lower than that of tho normal respiration 

The author thanks Dr. S Ranjnn for helpful criticism and guidance, 
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SUMMARY 

1 A large number of organic and inorganic salts of diphenylviolunc acid have l>ccn 
prepared for the first time with a view to find out a relationship between the colour and chemical 
< onstitution of these substances 

2 Diphtn>lviolunc and has got a pale >dlow colour in tho solid state and ut solution in 
non hydroxyln organic solvents, but on treatment with alkalies or organic bases interna violet 
coloured salts arc formal, tho transition of colour being suffiui fitly sharp and strong for it to at t 
us a first-class indicator 

3 The change of colour from pale yellow to purple has been shown to lie due to a fundamental 
change in tho constitution of the molecule from an oximino-kctomc to uuitroso-cnohc structure. 

4 Tho above chauge m the raolceular structure results in the production of a nitroso group 
whiob, from the point of view of tho theory of colour on tho basis of molecular strain advanced by 
one of the present authors, has been shown to be tho most highly strained amongst the ihromophoru 
groups and consequently produces the greatest intensity of colour 

5 The loading effect of the phenyl groups on violunc acid has been discussed and it has licen 
shown that the effect is quite in accordance with the theory of colour already advanced b> Dutt 

0 From a study of the absorption spectra and h>drolysis constants of the oTgamc and morgana 
salts of diphenyl violunc aud it has been shown that the intensity of the colour of the salts is 
roughly proportional to the strength of the basic character of the base, as previously found m tlio ease 
of the corresponding salts of violunc ncid in this laboratory although no hunl and fast mathe¬ 
matical relationslHp could be established betwtxn the two sets of properties 

7 Farther study of the absorption spectra of the salts of newly synthesised higher 
homologues and analogues of diphenylviolurio acid indicates that the effect of additional load on 
the molecule of the substance is to produce still further intensification of colour as cxpcctcu from 
theoretical considerations, the greatest effect being produced by substituent* m the mots position 
closely followed by those in the pars. 

J9 
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Violuric acid and its highly coloured organic and morgimc salts have been 
investigated, from the point of view of colour with relation to chemical constitution, 
by a large number of workers, but the corresponding diphenylvioluratea and also 
the di-meta-tolyl and di-para-tolyl derivatives have been quite unknown The 
authors have prepared these denvutiws for the first tune and tho present paper is 
an outcome of their attempt to study the phenomenon of coloin in these compounds 
with relation to their chemical constitution 

llant/sch, Meek and W itson lmve shown that the colour of alkali violuratcs 
in aqueous solution is nmmly due to the dissociation of these substances into ions 
md the stronger tho base, tho greater is tho colour development The present 
investigations on diplicnjlwoluiatos re\cal that although in general the previous 
conelusion of the former vvoikers, namely, the stronger the base, the greater tho 
absorption, still holds in the case of the salts of diphenylviolmic acid, yot there 
is no definite mathematical relationship between absorption spectra and dissociation 
constants of theso compounds It 1ms also been found out in the present investiga¬ 
tions that the highly coloured nature of diphcnyhmluratcB is not duo to their 
dissociation into ions, for the salts derived from very weak organic bases like 
aniline, pjridme, etc, some of whuh have the basiut) constants of the order 10“ n , 
mentioned in the present paper, lmve colours no less intense than the alkali 
diphenjlviohmites whose dissociation constants are fairly high, being of the order 
1 203 x 10“ 2 —2Oh*) Xl0 -2 

Having ruled out the possibility of molecular ionisation, we find tint the 
most reasonable explanation of the origin of colour in these compounds lies m a 
change of constitution of the molecule When the faint pink colour of the aqueous 
solution of diphenylviohinc acid changes to intense eumson on tho addition of 
alkali, there must take place a fundamental change m the constitution of tho 
molecule, whereby it is rendeied capable of far greutei absorption of energy due to 
a more strained molecular structme From the point of view of tho theorj of 
colour on the basis of molecular strain, advanced by Dutt, 1 2 the alterations of 
the molecular configurations of diphenjlvioluric acid may bo lcpicscntcd as 
follows — 




^ C*Hfc—N-C(OHl 

C*NOH —t- N«0 
C*H*—N—CO 


c,H^N-C<^ 

>a 


—>N 


C-N.O- 
'—d(OH) 



:c-n«o 


U) (2) (J) (4) 

0«t of these configurations, structures Nos (2), (3), and (4) contain the 
highly strained N=0 group which is capablo of very intense colour production, 
and in view of the deep colour of diphenylviolurates, it is but natural to conclude 
that this group must be present m these substances. This point of view 
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ib rendered more feasible whin we consider that in diplicnylviolunc acid the 
three carbony I groups thut are present, are in reality the residues of carboxyl 
groups, and being m this way quite devoid of ketonic properties, possess 
dormant acidic functions, which are clearly manifested whenever there are 
chances of salt formation with bases By the migration of a labile hydrogen atom, 
the (CO) group becomes a highly acidic group—C(OH), perfectly capable of 
forming wcll-defiucd salts os can be seen in the case of lsutm and indoxyl 




Nil NH 


Indoxy1 


In the ibove configui itions, the change of htiucturc (1) into struct me (4) is 
somewhat far fetched in view of the fact that an easier path is available for the 
hydrogen atom of the isomtroso group to enolisc with an ndjuccnt carbonyl group 
Hence under such circumstances the interesting colour phenomenon displayed by 
diphenylviolunc acid and its salts is positively due to the migration of a hydrogen 
atom to the (CO) group with the production of a stronger acid than could be expected 
from the oxiunno-kctonic configuration 


UH* 


/ 


CO 


C*H»- 


\. 



« 



Oxiimno-kctomc form 
(Weak nud like all oximes*) 


Nitroso-cnohc form (Strong acid 
like alloxantin and line acid) 


The function of the nalt formation is to fix up the mtroso euolic form, so ns to 
end the tautoinenc migration of the hj drogen atom from one position to another and 
once the mtroso structure is fixed up by the heavy load of the substituent metnl or 
organic basic radical, the tnutomcnsm from one form to the other is not so easy and 
the more highly strained mtroso-enolic form becomes stable and the full colour that 
is expected from such a highly strained configuration, os the nitroso group, becomes 
established 

We can arnve at this conclusion by a different route too According to the 
“ theory of colour on the basis of molecular strain ”, the combination of a nitrogen with 
an oxygen atom by double bonds is the most highly strained system, for the distortion 
suffered by the valencies from the theoretical considerations is three hundred 
degrees, which is fur in excess of all other combinations (Dutt 1 *) The idea 
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is clearly manifested in the remarkable instability of the compounds containing this 
grouping This high strain m the molecule of nitroso compounds produces intense 
coloui and makes them highly absorptive, c g , 


1 

Nitrosoben/ene 

\bsorption maxima 

7300 

Colour 

Green 

1 

P-nitrosotoluene 

7300 


3 

Nitrosomesitylcne 

7320 

»» 

1 

T-nitroftobutane 

b3 ( IO 

Blue 

5 

P-nitrosoisopropj lacetono 

bOOO 

n 


Due to a high strain in the molecule most of the mtioso compounds tend to 
lost thur internal strain by the formation of bimoleculur compounds, 



But if the nitroso group is in a molecule containing u labile bjdrogen utoui, 
it automatically rearranges itself to a condition of less strain by the formation of 
isomtroso or oximino compounds, thus nitroso phciiol changes into benzoqumone- 
mono-oximc 



It is on account of this change into the less strained oxuumo com- 
IkmuhI that mo»t of the nitroso coni]>onnds do not exhibit the deep colours 
that are theoretically expected from them This applies equally well to the 
purtu ular case of diphcnjlviolunc acid, which m the solid state w pale yellow 
But under special circumstances it ih possible sometimes to stabilise the 
mtroHo-enohc form and m sucli cases the nitroso group exhibits its true nature 
and gives deep coloured salts. When diphenyh lolunc acid is treated with alkali, 
the marked h>drogeu* atom of the tautomeric mtroso-enohe form is replaced 



O xinui i o-keto me form Nitroso-enohc form 

(Pale yellow) (Violot) 
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by a metal and the mtroso form gets stabilised The result of ull this is that the 
nitroso group (—N=0) gets a chance to show its true nature and consequently 
highly coloured salts arc produced 

Diphenylviolunc acid also possesses another interest from a ditleront stund- 
]H)int, and that is from the point of view of loading of the violuuc icid molecule with 
two phenyl groups and the consequent effect on colours It is a well known 
phenomena in colour chemistry that quite a large number of d)cstufls become 
intensified in colour whenever thur molecules arc loaded 

The expectation from the theoretical point of view has bceu realised m the caso 
of salts denved from diphcn>l viol uric acid and the) are m fact tound to have 
higher absorption maxima than the corresponding salts of violuric acid With still 
further substitutions, ? p, salts obtained from ineta and pun-di-toM violuric acid, 
which have been s)uthesised for the first tune b> the authors show even gieitu 
intensity of colour and higher absorption maxima than coircs|Kmding d<.m itiv os 
of diphenylviolunc acid, as can be seen from the following tabic — 


Tabk l 


Name of the salt 

Vinluru 

acid 

i 1 

' Dtplieu) 1 
violunc 
acid 

j 

1 

I)i-P-Tol> 1 ! 
violuric 
icid 

Di-M-lolj 1 

ViolU11C 
acid 

i 

Yinmommn 

5832 \ 

i .845 Y 

5800 A 

i 5880 A 

> 

Methyhumiic 

3782 , 

5810 „ 

5835 , 

^ 5880 „ 

3 

Tnmethylamine 

'>712 „ 

5705 „ | 

5807 


4 

Ethylnminc 

5001 „ 

5783 , ] 

5805 „ 

5845 „ 

0 

Diethylwmnc 

56**0 „ 

5875 „ 

5**00 „ 


6 

Pyridine 

5602 „ 

5825 „ 

5850 „ 

5803 „ 

7 

Picohno 

5002 „ 

5810 „ 

5880 „ 

5848 „ 


The alkaloidal salts of diphenylviolunc acid show optical rotation like the 
corresponding compounds of its homologuo violuric acid, although their rotation 
is alwa>s less than that of the parent alkaloid It will be interesting to consider 
this fall in rotation from the point of vie* of StewnrtV work Stewart' 1 has 
shown that greater the unsaturntion of a substance, the greater will be its optical 
rotation and higher its absorption maxima 

It is a well known fact that the group—CH^N—present in most of the 
alkaloids is a negative unsaturated group and as soon os the salt formation takes 
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pine!, the two Intent valencies of the nitrogen atom become manifested, the structure 
becoming a* follows — 




Heme if this iinsituration is removed after silt formation the resulting salt 
should have a kss rotatory power thm the original alkaloid This hus actually 
bun observed m the pioscnt investigations In some eases the lotation luis 
dtucascd so much ill it t\ui optical inversion 1ms taken place 


Exi >iUMKNr\r 

The diphen>llmibitunc acid, required for the picpiration of diphcnyl- 
violuric acid, was prepared b> the method devised b> Whttelej 4 The diphenyl- 
bubitunc aud was then thanged into its lsomtroho derivatives by dissolving it m 
a dilute solution of caustic soda in which a slight excess of sodium nitrite had 
■dread} been dissolved and adding this solution to ice-cold dilute sulphuric acid- 
The jellow amorphous mass obtained was filtered, dried and crystallised from a 
mixture of benzene and alcohol (7 J) 

The cr>stds obtained from pure benzone have been found to bo isomorphous 
with those of Molunc acid Ln the pure state dipheii) Ivioluric ucid melts with 
decomposition it 228*C It is soluble in ether, alcohol and hot benzene In hot water 
it dissolves giving i faint pink Holution With copper sulphate solution it gives 
a jellowish brown colour and with feme chloride a deep rod solution is produced 
The prepiration of di-para-tol) 1 and di-nu ta-tol) I lurbituric acid was cflected 
precisely in the same way ns of diphcnjlbarbitunc acid The latter melts at 
247*C and is white in appearance Jt is spanngl) soluble m water and m alcohol 
and complete!) soluble in chlorofoim and alkalies it also gives a red coloration 
with ferric chloride 'lhc former melts at 137*C and is sparingly soluble in cold 
alcohol Jt gives a pale >ellow pi capitate with silver nitrate solution, tho 
precipitate being soluble in ammonia and reappears on adding dilute nitric acid 

The di-para-tol) 1 and di-meta-tol) 1 derivatives of violunc acid were prepared 
m exactly the «ame wi> us the diphenyl derivative Both these derivatives are 
yellow in colour and dissolve in alcohol, ether and benzene, but are completely 
insoluble in water The alcoholic solution decomposes when it is boiled for some 
time The di-meta-tol)l violunc acid melts with deconqiosition at 184*C but the 
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corresponding para compound does not give a sharp inciting point and begum to 
decompose at l(50 # C 

All these violurtt acids combine with inorganic ilkalu s and organic bases giving 
highly coloured salts the shades ol which vary from orange and pink to violet and 
finally deep blue All these salts were prepared by mixing upmnoh culur quantities of 
the acid and the base in alcoholu solution borne of the salts separated out in the 
form of crystalline precipitates, on allowing the iiuxtme of solutions to stand for 
a few minutes, while in other cases the solution w is evaporated to dr> ness and 
the salt obtained was rtcrjsfcallized Sometimes, specially m the case of alkaloid 
salts, a sticky mass was obtained on evaporation '1 his was repeatedly nibbed 
with ether till the whole m tss broke down to a hue amorphous powdei which was 
filtered washed with ether and dried 

All these salts are insoluble in benzrue but dissolve m watu or alcohol 
giving violet solutions Some of them give a sharp melting i>oint while others 
decompose without melting Most of them are stable under ordinary atmospheric 
conditions but some of them specially the alkaloidul salts become sticky on cxposuit 
to moisture and then decompose 

Ihe main properties of the individual silts arc given in tabular fonn m 
Tables II, III and IV (pp JV30, 37, 38) 


Reft) u*u ? 

1 Dull (lUib) Jour Chem Sue , 129, 1179 

2 „ (1927) Jour 2nd Chem Soc , 8, 99 

t {Stewart (l'X)7) Jour Chow Soc , 99,209 

4 Whitclev (1907) Jour Chem Soc % 99, 1JJ8 



cu SilC sol) \ VNI) VLHUIN l FROM SVLL AND B VfTXITE 
( \ \L\\ PRO< Uss OF M VM T K \CJ l 1th) 

H\ V s Dijiim 'l P V VlWIlNf X \M> It s SlIAUMX 

Di i viumi<ni <>i (iia^h Ikchnomh^ Hindi Lvivkrsiu BknAKL. s 

Ucxcivcd Vpnl 21 1018 

HI MMUO 

I lit prixiv' aims ai a ntw uictlaxl for (Ik produ< lion of pure alumina anil iHUtait Kudu 
■>IujIiiij* from ImiimU, nmiinuii halt ami bur)to< ? the tout cun however la uwxl cy liuill) uvu mid 
o\er a^ain 11) healing bauxiU and bai)U» a soluble barmni almniimto is obtained with (lit 
uolution of HO a On solution and hydrolysis of tins barium aluimimtc pure tilumum and banum 
ImlrovuU art obluititd, u hilt tin ^O, gn h ih lined in converting common milt to sodium sulphite 
\ (uittl mu (ion bKweui tlu barium h\droxide and (hi sodium sulphate. result* in tile prudm turn of 
htxlunn bjdroxub ami hurium sulphate \>hnh can lie used over again 

Hie minufucturc of ciustic soda soda-ash and sulphmic icid constitute* 
tff* bickbonc of the heav> chemical industry as a whole but till now Indiu in 
dependent on foreign countries for the suppl) of ill these chemicals 

In this country tor the development of the electronic manufacture of NuOll, 
localities where vei) cheap power is avail ible arc ilmost us rare as are the occurs 
iuius of sulphm r itlur ficc or as p>rites, so iiecessai) for making sulphuric acid 
ft was with the in tc n turn of developing a pi nu ss smtabh to Indian niw materia Is 
and conditions that this work was undci taken 

Lunge the celebrated chunual technologist, has rein uked that sodium sulphate 
would be a verj suitable compound foi minufactiinng N lOH by cuisticuation 
with Bi (OH), proxided this compound could be manufactured sufficiently cheap 
In the light of this rem uk the possibilit) of utilizing barytes (BahOj), useless at 
piesent, which occurs ibuudmth in \artous pi ices in Indu, for the purpose of 
making this Ba (Oil), and using tin SO, set free in 11 3 S0 4 manufacture was 
considered \fter nnestigition the method found most suited to this end was the 
ton\ersion of BaSO* first into ban u in alum mate and then the hydrol>sis of this 
hitter compound into Ba(OH), and Vl(OII) 3 

The essential steps m the process could be outlined as below 
1 Production of banum alumumte from bauxite and barytes at a temperature 
of 1J00V-1400V 

2BaS0 4 + J \l,Oj = 2BaO Vl.Oj + ibOy+ O a 

JO 
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2 Hydrolysis of water soluble baruun aliumu itc 

BaO Al,()j 4* 411,0=lii(OH)* + 2AI(OH) 

3 Formation of Na,SC >4 fioni NaCl and SO* 

2NaCl + SO, + O, + H,()=Na,S0 4 + 2IICI 

4 Caustici/atiou of Nn|N() 4 bj Ha (OH), 

Na,SO* + Bh(OH), = BaSC), + 2Na (OH) 

Tilt i*eactionH involved in the last two *tcps ue well known Step No J 
gives the conversion of common Halt into sodium sulphate b) the iction of SO,, 
nx)gen and steam according to llargrcives process I1C1 formed, is recovered as 
i valuable bv-product, winch tan also be used with pjrolusitc to give chlorine 
and bleaching powder The NO, utilized in this reaction can also be used to 
in umfacturc free H,h0 4 if this acid ih desired 

In step No 4 a JUsolution of Na s NOj in watu is treated with i dilute 
Ita(OH), Holution The insoluble HaSO, formed is immcdiatel) throvni down 
leaving Na(OH) in solution 1 hits solution can be concentrated to give fused 
NaOII, or purified CO,, obtained from the calculation of bar> tes-b uixite mixtures 
in which this gas is liiv iriably evoked dm to combustion of large amounts of 
organic matter presc nt in the bauxite, can be passed through it and NaOII con¬ 
verted to N»|(*Oj Jhe precipitated B«SO i can be used, agaiuin the first step 
oi for the manufacture of lithophone requued in paints 

Thus the success of the process depends on steps Nos 1 and 2 which have 
therefore been the subject of investigation m this pnpei Particular stress has 
been laid on the first part, because regarding the second it is already known that 
of tiie mail) almninates of barium seven d hive i good solubilit) in water and aic 
of hi unstable nature Recently the problem of making barium almmnatc from 
birytes and bauxite was investigated by Booth md Ward, 1 who critically examined 
the work of cirlier investigators inel have drawn sonic interesting conclusions 
However, the) have confined their published results to i study of solutions of 
baruun almninates in h)droch!oric acid onl) For the present process the formation 
of Ha (OH), is vital for the caiiHtici/ation and m acid solutions this is not possible 
us BaCI, is formed Thus the whole work had to be repeated and conditions 
determined for the formation of the maximum umount of water soluble barium 
aluminatc 

The experimental procedure followed was as given below — 

Various mixtures of bar)tc»H ind bauxite were made such that the proportions 
of BaO and AI,0$ m them corresponded ver) nearly to the relative proportions of 
these oxides in the different known as well as some hypothetical barium aluminates 
These mixtures were theu intimate!} ground in a ball mill to a grain size of 
below 200 mesh and dried Some preliminary experiment* with coarser powders 



12 CUF*!tfl8TIlY V. H mJBKY, Y P VABSHNBY AND B. 8 BHABAtA 

had shown that the fineness of the gram had a profound effect on the progress 
of the rt action 

\\ cighed amounts of the dried mixtures were placed in fire-clay crucibles 
md heated in a muffle furnace up to tcmperatuies ranging from 1160*C to 1450*C 
In all the experiments tho tempcratuie was raised with the crucibles inside the 
muffle, and when the final temperature required was attained, it was maintained 
at that level for a measured period of time Then the muffle was allowed to 
tool, tho mixtures taken out of the crucibles and the loss m weight determined 
In some cases when firing temperature was high the mass was sintered hard and 
stuck to the crucible so that weighing was not accurate and measurements only 
to the nearest tenth of a gram were made The mixtures were then powdered 

hrorn each of them an accurately weighed amount was taken aud repeatedly 
leached with hot water (the solubiht) of barium aluminatc being more in hot than 
<old water) till the filtrate coming out was free from barium The barium and 
alumina m the hltrate were estimated Residue from the water leaching was 
further subjected to washing with HO till all acid so I ublo portion went into the 
filtrate which was analysed just as in the cusc of water extract This solution m 
IlCI was adopted with a view to the re<o\cry of large amounts of barium and 
alumina which did not dissolve in water From this solution B 11 SO 4 could be 
recovered by treating with II 1 SO 4 formed from 80! produced m calcination 
while alumina could be crystalli/ced out as sulphate or alum 

Analysis of bur>tcs and bauxite used were as follows — 


I3iir> tea from Alwai Suite 
Kaj|iutuna 

bio, 

AljO-i 

Fc, 0 , 

BaO 

CaO 

MgO 

SO* 

282% 
028% 
Oil % 
02*78 % 
004% 
076 % 
3238% 


Total 

10007 % 

Bauxite from Katm 

SiO, 

185% 


A1.0 a 

5883% 


FciOj . 

350% 


TiO, 

611 % 


CaO ) 



MgO) 

008% 

Loss on lguition 

... 2880% 


Total 

0917% 
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In analyses recorded in Tables I and II only barium was estimated because 
it was considered that the mixtures which gave good yields of barium provided large 
production of soluble aluminates and were best suited for snbneqnent trials 

Table I 

Temperature 1150’C Time of heating 4 hours 


Batin of bnrj tea 
to bauxite 


100 40 
100 50 

100 60 
100 70 
100 80 

100 90 
100 100 

100 111 
100 125 

100 143 
100 167 


Compositions 3, 8, 9 and 10 are the best These are in fan agreement with 
the results of Booth and Ward The low yields of barium indicate that a tempera¬ 
ture of nbout 1150*0 was rather low 

Table II 

Temperature 1250 0—1300 0 Time i hours 


extrai ted in 
water 



No 

Ratio of barytes 
to bauxite 

Approximate 

molecular 

formula 

PereentnKG loss 
on lienting 

1 

100 100 

2BaO 3A1,(), 

2819 

3 

100 00 

BaOAl.O, 

328 

3 

100 50 

BaO AI,Oj i 

344 

4 

100 60 

BaO AljOg 1 

i 

29 4 

i 

With 2 5 % carbon 



•V S.—Very Small 
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In Table II it will be seen that n me in temperature has generally Uioreaeed 
the formation of soluble alunniinte Further, the best composition was No 4 In 
this case, as expected, carbon has had some beneficial effect, though not mach, 
bj probably reducing the BaS0 4 into BuS winch goes into reaction more readily 
IIowo\ci this much carbon is considered uneconomic and in future experiments 
it was decided to use on]} 1 % 

Residue from water extraction in No *1 was treated with dilute IK 1 ! and 
hi the acid solution BaO extracted was *14 4% of the total Thus altogether 
But) extracted became 76 8 7 

la analyses recorded in Table III it was decided to see what results wero 
obtained by using pure salts of barium and aluminium such that they wero likely 
to easily enter into reaction to give barium illuminates, while to get compnratno 
results mixtures of bar} tes-bauxite ( Table IV ) were heated side by side undei 
the same conditions 


Tablr 111 

Temperature 1300*0—1350 O Time 4 bourn 
Silt** used—barium carbonate and aluinuumn acetate 


1 

1 

Ratio of banum 
cnrbonntc to 
aluminium 
u< ctnte 

Approximate 


Extraction 

m water 


>10 1 

I 

molecular 

formula 

i 

h 

BaO 

% 

M*0, 

a. total 
extraction 

Ratio 

AI.O,/ 

BaO 

1 

r>«u 

r»io 

3Ba05A],<>, 

55 1 

50! 

57 5 

0846 

2 

1<(7 

240 

BuO Al,l>, 

42‘» 

418 

42 b 

0652 

3 

1 107 

120 

j 2BnO AlfOa 

330 

588 

30 0 | 

0590 

4 

107 

80 

j JBnOAljOT j 

310 

414 | 

1 

320 

0208 

Extraction In HOI 

1 




108 

284 

183 

448 

<> 

h-f 




57 

338 

17 4 

394 

3 




30 

10 6 

71 

219 

4 


i 


40 


129 

171 
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The results of Table III provide interesting data In Nos 2 And 8 the 
ratio of Al«Os to RaO is about 0 66 which corresponds to the molecular composi¬ 
tion BaO Al|O s Thus even when a mixture corresponding to the formula 
2BaO AlfOi is used, there seems to be a preponderance of BaO \l|O s formed 
But m No 4 the ratio of A1»0 8 to BaO should be 022 and the \aluc obtained, 
0 298, leads to the suggestion that probably along with others a compound 3BaO 
AI *O a is formed The theoretical value for \o 1 will while the ratio obtained 
w 0840. The \anation w large and probabl) some compound BaO XAIjOk, where 
X is more than 1, is formed Very much higher values of this ratio in the case 
of acid extractions lend to a similar interpretation Thus it can be concluded 
that the compound which is largely formed and is most soluble iu water is BaO 
AI*0* The other compounds are formed in lesser amounts and me insoluble 
in water These conclusions are also supported by subsequent results 


Table IV 

Tenn>erature 1300*0—I3r>0 0 0 Tunc 4 hours 
Using barjtcs and bauxite w ltli 1% carbon 


1 

1 

i 



Extraction in water 


1 Ratio of 

Approximate 

[ 1*088 111 WOlght 

i on heating % 





No 

1 lmryteB to 

1 bauxite 

molecular 

formula 

1 * 

% 

' Total ex- 

Ratio 
Al.O,/ 
BaO 


| I 


j 

BaO 

Al t O, 

| traction 

1 

100 142 

BaO 2A1 |O q 

| 310 

54 

99 

| 

1980 

> 

100 121 

3Ba0 5Al,0, 

1 29 0 

15 7 

13 5 

1 118 

0768 

3 

100 73 

BaO Al jO» 

| 312 

, 419 

413 

36-8 

0666 

4 

100 60 

BnO AljO, 

' 310 

510 

52*5 

457 

0-681 

Extraction in Hcl 

i 




16 6 

1 

56 6 j 

269 

3120 

o 




642 

Hjlfl 

612 

1247 

3 




433 


486 

1*051 

4 




47 2 

762 

50-8 

0*898 


In order to determine how the impurities, iron of barytes and bauxite as well 


as the titanm of the latter distributed themselves, the water solution and acid solu¬ 
tions of the banmn aluminates were examined In every case these impurities 
were absent from the water extraction which contained nothing but Ba and Al 
However the acid extraction contained almost all iron and titania. This also 
explained the fact that the total percentage of alumina extracted in water and acid 
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ns gi\cn in Nos 2, 3 and 4 of Table IV exceeds 100 This is because the alnmioa 
os reported in the acid extract also contains FcjOj and TiO* which have not 
been separately estimated 

Table V gives the results of two final experiments made with the best mixture 
(100 bnrytes 00 bauxite) under the best conditions. The heating was done in an 
oil-hrcd muffle for 2 hours at a temperature of 1400V Tho sintered mass was as 
usual ground and first extracted with water and then with acid 

Table V 

No 1 Water Extract 

BnO ()2 60 % 

AljOj 7840 % 

Total extraction 05 20 % 

Ratio AljOg/ But) 0 08 

Total extraction in water and acid 

BaO 83 77 % 

\l 1 <) J1 (+Fo,0, + TiO I ) 0706 % 

No 2 

Water Extract 

BaO 67 80 % 

AI,O s 7370 % 

Ratio A1 1 0 1 /BaO 0 08 

Total extraction in water and ncid 
BaO 02 20 % 

Al|0«(+Fei03+Ti0,)—104 6 % 

In some further experiments iron and titnnin were estimated, quantitatively 
and it was found that in trials in which reaction was comploto all tho residue 
left after leaching with water was, with the exception of some silica, completely 
soluble in at id and this acid solution contained all the iron and titania 

Thus in conclusion it may be said that a ratio of 100 parts barytes to 60 parts 
bauxite, heated for about 2 hours nt a temperature of 1350*C—'1400*0 gave tho 
best results. About 05% BaO from the BaSO< could be recovered in water 
soluble i>ortiou while the water insoluble residue was conjpletelj soluble in dilute 
HOI and allowed of the rcco\ ery of BaO and AljOj 

flaxen ci ohed on heating —In the results tabulated above tho loss in weight on 
heating indicated the extent to which reaction had taken place This loss was duo 
to (a) water m the bauxite, (b) organic matter m the bauxite and lastly (e) the 
evolution of feO ( and 0» when alumina reacted with Ba80( The loss due to 
causes (a) and (b) took place m ever) case but that due to (o) was variable, depending 
uponthe banutn alummate formed With the barytes-bauxite mixture 100 00 thw 
Ion theoretically was 32 5 % and in general the more the actual Ion approximated 


HC1 Extract 
2121 % 

32 84% 
2645% 

076 


HCI Extract 
34 43 % 
6810 % 

089 
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to this figure, the better were the results obtained Numerous difficulties were 
experienced in trying to analyse these gases because the containers in which the 
mixtures were heated could not staud a temperature of 1450*C without cracking 
In the end a slipcast silhmanite retort which had been fixed to 1400*C was usod In 
the neck of the retort a steel tube was screwed in To make the joint air-tight n 
paste of a fire-clay sillunanite mixture wns used and then over this paste, when dry, 
a soft enamel was applied and vitrified over a flame The free end of the steel 
tube was connected to a series of bubblers containing different absorbents for 
CO*, O*, SO i, etc The last bubbler wns connected with a suction pump so that 
the velocity, of the gases could be controlled The retort was heated in a gas- 
fired furnace, the neck and joint being well out of the flames remained fairly cool 
A temperature of 1400*C could be easily attained in about li hours 

On heating, air and water vapour were first cxpelhd and followed by CO* 
which continued up to nbout 900°C At this stage some H,S wns also detected 
The evolution then stopped but recommenced nt about 11 IOC—1200*C and 
continued for about an hour till 1400° C which was the highest temperature reached 
Final stoppage, though the temperature was maintained for another 30 minutes, 
showed that the reaction was complete in less than an hour SO* could be easily 
detected by its action on KMnO<, Iodine and KjCrjO, solutions and it was also 
passed through KOH, the sulphite formed being oxidised by IIjOj and estimated 
gravimetncally as sulphate The results obtained however were not quantitative 
KOH solution through which SO* had passed showed no test for sulphate beforo 
oxidation proving the absence of »SO g being evolved ns such The loss in weight of 
the powder was 32 % nnd the residue obtained after digesting it repeatedly with 
water, was completely soluble in acid Thus no BaSO* was left unchanged 

Hydtolysts of bomnn alummaic —The barium nlummntc formed in the 
reaction is a very unstable compound, having strong tendency to hydrolyse, 
precipitating Al(OH)» If water solutions were allowed to stand for 4 or 5 days 
all the aluminn settled down leaving Ba(OH)» which gradually absorbed COi 
from the atmosphere nnd chaugcd to insoluble BaCOg It was thus impossible 
to keep a solution of BaOAlgOg m water Various experiments showed that 
the rate of separation of AKOIDs was considerably accelerated by tho addition 
of some good electrolyte to the solution As in the case of the well-known Bayer's 
process iu which Al(OH)* is precipitated from a solution of sodium illuminate, the 
best results were obtained by adding to the solution some freshly precipitated 
Al(OH)g, which acted as a nucleus for further settling out, along with a little 
NHgCl In this wny, a thick voluminous precipitate is thrown down and within 
a few minutes all Al (OH)g is separated leuving no Al in solution The concentra¬ 
tion of the BaOAlgO, solution was fonnd to have no noticeable effect upon the 
rate of Al (011)$ precipitation 
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Attei tiie removal of A1 (OH)* interest centred on the strength of Ba(OH), 
solution loft and the strength of NaOH that would result after eaustieixation of the 
Ntt|iSG 4 Several determinations showed that a strength of 2 % Ba(OH)* solution 
was nomiully obtained When a 80% (nearly saturated at room temperature) 
solution of Na*80* was causticized with tins Ba(OH)t solution, a strength of 
about 1% NaOH was formed With greater care in leaching a slightly higher 
strength of Ba (Oil)* solution and subsequently of NaOII solution could be obtained 

By treatment of the residue from water extraction, with HjSO* it may be 
possible first to separate Fe, A1 and Tt together as soluble sulphates from the 
insoluble BaSO* and then to isolate out the valuable Ti while A1 could be converted 
to alum 

From the h>drolysis of BaO Al t O*, the A1 (OH)* eau be separated and either 
culcuud to give pure A1 ,Ot which is m good demand or treated variously to give 
AlClg, Al» (80*)* and alum which are articles of commerce 

The above experiments clearly establish that the reactions given m steps 1 and 
2 ot the process (pages 40-41) take place quite satisfactorily and trials on a 
semi-commercial scale would definitely prove the industrial possibilities of the process. 

The raw materials required are abundantly found in this country and the 
l T mted Provinces is favourably situated in so far as all four of them, i/r, bauxite, 
salt) barytes and coal can bo casilj obtained at a place like Agra Bauxite 
occurs plentifully m India at man) places and has so far found little use in the 
couutrj Prominent deposits are ui Bombay, Kashmir, C P and Bihar, but for this 
province the dciiosits best situated to give good quality material are at Katni in 
f P There is almost no market for barytes either which is mainly found in Madras 
Prcsiduic) and in Mwar State The Alwar deposits, being quite close to Agra, 
are purticulnrl) suitable for U P Theit ure four centres of salt production which 
runs into millions of tons in this country Bombay coast, Madras coast, Salt 
Range in the Punjab and Sanibhar Lake m Rajputaua lu the last locality, v %\, 
Sambhar Lake the salt produced is of n good quality mid being uearest to U P 
bolds out the greatest promise C’oal will undoubtedly have to be obtaiued from 
Bihai 

V detailed consideration of the economics of the process shows that iu Tnd m 
it hug decided od\ antages over the electrolytic process of NaOH manufacture, and 
the w liters, after making all estimates, arc couvmccd that the price of the by* 
products alone is sufficient to meet almost the entire cost of produotiou and even 
if all the alumina produced enuuot be cousumed m the market, the process can 
compare fa\ ourably with any other and leaves a good margin of profit after 
all costs 

Refeteuce 

1 liooth and Ward (IIMJ), Jour Ph»o Chtm, 86,001 



CHEMICAL EXAMINATION OF ISD100FEUA L1MF0L1A 
RETZ. THE ISOLATION OF ITS ACTIVE PRINCIPLE 
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HUMMARY 

From the alcoholic extract of the pi wit (I) wi ummturuU.il lactone C, H,„0, (liuifolin), m,p 
95* 96*C, and (II) a wax C« ( H t «0 ( , nt p 78" 79*C which iw a cerjl cater of palmitu mid, liavc been 
isolated in addition to tannins, pbylobaphenes and glucose 

Ind) go feta litufol/a, Iictz is a common annual herb belonging to the Natural 
Order—Legununoccac, the stem being slender and copiously branched, the leaves 
simple and typically linear and the fruit a i>od It is distributed from the Hima¬ 
layas throughout India and is willed Toiki m Hindustani and Bhnngru in Bengali 
It is given by medical practitioners in febrile cruptious According to Revd A 
Campbell the plant is used by Santals in ntncnorrhoeu along with Ettphotbm 
thymfoha 

As nothing is known regarding the chemical comjHMitioa of Jndtgofcia hnifoltu, 
though Chatter]i and Dutt 1 while working on unother variety of Iudit/oftru, viz, 
1 enneaphylln, isolated two unsnturated hydrocarbons of very high molecular 
weights and having the molecular forimilas Cto Hu# and C # * Hm respectively, 
so the present authors were tempted to put the plant to a systematic chemical 
analysis and to find whether the occuireucc of hydrocarbons in the plnuts belonging 
to the N O Legumiuocea; is of wider occurrence or not But so far we have not 
been able to isolate any hydrocarbon from the plant and we could isolate a wax and a 
substance of the nature of an unsaturated Inclone which is named as ‘Liiufolin ’ 

Linifnlin has a molecular formula CiaHsoO# and contains no alcoholic or 
phenolic hydroxy group as it does not form any acetyl or benzoyl derivative and 
gives no colour with alcoholic feme chloride It dissolves in alcoholic caustic 
alkalis with a yellow colour Although containing no uldehydic or ketontc group 
it reduces Tollen’s reagent slowly und gives no colour with an alkaline solution 
of potassium mtropiassidc. It readily reduces an alkaline solution of potassium 
permanganate and also a solution of bromine in chloroform These reactions 
definitely {wove it to be a member of the Aofi unsaturated lactones which have been 
adequately reviewed by Jaoobs. 1 The two oxygen atoms present in the mole- 

49 



50 CHEMISTRY MAHADEO PR A HAD GUPTA AMD 8HIKHIRHU8HAN PUTT 


<’ul(> ire Hccountcd for in the lactomc ring of the molecule and more work on the 
elucidation of its constitution is in progress 


Experimental 

SO Kg of the entire plant were collected locally and dried in the sun The 
fr< ah plant lost 42 51 % of moisture during the process of drying 10*2 gm were 
then fine ly crushed and on complete incineration it jielded 2174 % of a grey colour¬ 
ed ash, 20 56 % of which was water soluble The following radicals were detected — 

(a) In the w iter soluble portion —SO*, Cl, Ca, Na and K 
(h) In the water insoluble portion —Ai, Fe, Mg, Si, CO a 

In order to have ah idea about the solubility of the constituents of the plant, 
fifteen gritns of the dried and powdered stuff were exhaustively extracted with the 
following solvents in succession with the results given below — 

Jtciixonc exhact —The extract was of a deep green colour, containing a 
greenish white ciystnlluie matter suspended in it, jicld 12 32 % 

Alcoholic cxti act —The extract was a brown pasty mass, gave dark brown 
colour with feme chloride and reduced Fehlwg’s solution and formed normal as 
well ns basic lead salts, and gave no test for alkaloids, yield 18 7b % 

Cl/Im ofot in exttnet —The extract was of a light green colour with some 
needle-shaped crj stalhne matter suspended in it, yield 7 29 % Acetone extract 
(204% ) and ethyl acetate extract (149% ) were of brown colour and reduced 
Folding's solution 

The powdered material ( 1 5 Kg) was extracted with boiling alcohol m a 
big extraction Unsk of 6 litre cnpacitj for five tunes The extract which was 
of deep green colour was filtered hot and on leaving overnight it deposited some 
crjstnl 1 me material which was filteied and washed with cold alcohol repeatedly 
till a perfectly white stuff was obtained, which was then dried A large number 
of extractions with the fresh plant were done in a similar way On concentrating 
alcoholic mother hqnor after separating the solid precipitate and also the washing, 
to about one-fourth of its original volume, some more of the insoluble precipitate 
was obtained and it was found to bo the same substance which separated from the 
hot alcoholic extract on cooling 

The insoluble precipitate after drying was extracted first with cold petroleum 
ether till whole of the chlorophyll was removed and then with hot petrol ether 
(A) The petroleum ether insoluble portion was then extracted with hot benzene and 
after filtration it was concentrated whereby some dirty white crystalline substance 
separated It was crj stallised first from a mixture of methylalcohol and benzene 
whereby some brown waxy matter was left and then for a number of times from 
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benzene whereby it separated in the form of a white crystalline powder which 
under the high power of the nucroscopo appeared ns thick rods melting at 95*-96'C 

Piopertiea of hmfolm — Lunfolm is a colourless substance, insoluble in water, 
soluble in benzene, phenol, chloroform, ether and slightly so m ethyl and methyl 
alcohols, ethyl acetate and acotic acid It dissoh es in alcoholic caustic potash 
or soda solution on warming, giving a yellow coloration It decolorises a 
solution of bromine in chloroform and a dilute nlkaline solution of potassium 
permanganate It dissolves in concentrated sulphuric acid on wanning with a 
deep red colour It gives no precipitate with lead acetate or silver nitrate 
and no colour with ferric chloride Tollen’s reagent is leduced slowly by it and 
forma no acetyl or benzoyl derivative and neither an oxime is formed, and it 
gives no colour with an alkaline solution of potassium nitroprusside (j leld 01 %) 

(Found C, 7897, 7887, II, 1300, 12 05, M W (cbullioscopic in benzene) 
410, 428, C, fi H 50 O s requires C, 7918, II, 1314 % , M W 394) 

Action of alcoholic potash on luufoltn ~ Liuifohn (19 gm) was saponified by 
boiling with 0 lN-alcohohc potash When the saponihcntion was complete, the 
yellow solution was cooled, the alcohol removed by distilUtion and the mass 
acidified with dilute h) drochlonc acid when a voluminous flocculent precipitate 
separated which was collected and crystallised fiom benzene as a white crystalhno 
powder, m p 90' When a mixed melting point of this with tho authentic 
sample of linifolin was taken, no depression occurred 

(Found C, 78 72, II, 13 86 , C, JI* 0 O, requires C, 79 18, H, 13 %) 

Neuti alwahon t aluc of lunfolm —Titration of hmfolm with standard alkali 
was possible partially and the neutralisation valuo was found to bo 39 59 while 
Ci n n« 0 Ot requires (N V) 142 H 

The hot petroleum ether extract (A) of the liiaolublo solid precipitate was 
concentrated to a small volume and eth>l alcohol added until the whole of the 
dissolved substance was precipitated It was then filtered and dried and crystallised 
for a number of times from petroleum ether until it was perfectly white and tho 
melting point became constant It separates m the form of a white crystalline 
powder which under the high power of the microscope appears as soft small 
rods and under polarised light appears ns a soft white mass, melting at 
78*-79’C 

It is soluble in hot petroleum ether, benzene, chloroform acetone and also 
in ethyl and methyl alcohols and is insoluble in water It does not dissolve m 
cold concentrated sulphuric acid but on heating it dissolves with decomposition 
It is unreacted by fuming nitnc acid oither in cold or hot. It gives no colour with 
feme chloride, does not reduce Fehling's solution and gives no test for sterols. It 
does not form au acetyl or benzoyl derivative or an oxime. It gets saponified by 
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alcoholic caustic potash solution and, on acidification, a white substance is 
precipitated, which melts indefinitely between 58*—72*C On crystallising twice 
from aqueous alcohol the substance melts at 61*C and is identified as palmitic add 
From the above reactions it is clear that the substance is of the nature of a wax, 
(jleld 02/) (Found C, 81 27, 8109, II, 13 58, 138(5, C«,H*«0, requires C. 81-29, 
II, 13 55 per cent) The wax had the acid value 11 87 and the saponification value 
40 78, and the wax is a cerj 1 ester of palmitic acid which hna got the same melting 
jHunt (79° C) as well as the same molecular formula (C'itHgtOt) 

The mother liquor from the alcoholic extract after separating the solid preci¬ 
pitate was diluted with alcohol and a dilute solution of lead acetate added The 
insoluble lead salt was filtered and decomposed with a current of sulphuretted 
hjdrogen in alcoholic suspension and the mother liquor concentrated But from 
this nothing crjstallinc could be obtained and it was of dark brown colour and 
showed the presence of tannins in large amount and melted indefinitely between 
] r )7°—218*C 

The filtrate from the lead salt was decomposed with hydrogen sulphide, the 
mother liquor diluted with water, a hot solution of basic lead acetate added The 
basic lead salt on decomposition and concentration gave nothing crj stnllinc but 
showed the presence of phlobnphenes tnd the hltrate from the basic lead salt 
reduced Fehling's solution readil), and gave a glucosnzone mp 203*0, showing 
thereby the presence of glucose among the reducing sugars 

One of us (M P G ) wishes to express lus indebtedness to the Kanta Prasad 
Research Trust of the Allahabad I diversity for a scholarship which enabled him to 
take part ui tins inicatigntion 


Refn ener<t 

1 Chatterji and Dim 0937), Proe Sat l»»t Set lad , S, 571 

2 Inoob (1920), four Bto Chtm 67 33J 
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SUMMARY 

Ntsamia hydernhadi is a small trematodo 1 (15 mm long by 017 mm hmad Pbe cuticle 
is smooth Oral sucker w larger than ventral slicker Prepharynx and pharynx an well developed, 
(esophagus w small Fxcrelory bladder is Y shaped (icmtal opening ut linmediaUly m front of 
the ventral sucker a little to the right Testes ore deeply lobed and ovary is trilobed Cirrus sac 
is largo and contain* an oval veeu ula semlnalis interna tubular pars prostatica and a retracted 
ilrrue Vesicula aemmalfa externa ie divided into two spherical portions Vitelline glands extend 
from the ovary to the posterior end, lateral only in front of the anterior testis and extending towards 
the middle lino posteriorly Laura's canal is present and the uterus at its origin is full of sperms A 
receptaculum Berninis is absont Eggs an operculated 

The relationship of Nitnmia is discussed and a new subfamily LeptophaUmo. is erected to 
include it and the related genera, Ijtptophallm i, Gnnain and JfHtganada A lay to the genera of 
the new subfamily is given ui the paper 

Lfthe* (1909) described Lrj>tophatli(<i ntgtoirurwis from the tesophagus of 
Ti opulmotm natr%.r Clmtterji* (1933) tuid DnynP (1038) described Onnatla tlanre 
nnd Neogamda barnlxmlur respective ly, from the intestine of C /arum hah whit* 
The form described in the present communication is related to Lrptophalhit , Ganada 
and Neoganaiia, but differs from them in set eml important characters which 
necessitate the erection of a new genus lot its reception 

The trematodes were collected at Hyderabad, Deccan, m January 1937 from 
the intestine of Opfaocephahts puru tains 

w 
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Ntxamui hyriei abodt, N Gen, N Bp 

Ntxnnna hyilrrnbadi ib a small cj lmdncal trematode with ronnded antenor 
and posterior ends It u 1 (i. r > mtn long by 0 37 mm wide The cuticle is Bmooth 
being devoid of spines 



A 

A—Ventral view of Ntxamui hydeiabmh B—Cirrus sac of Ntxnmia hyderabadt 

Cvr Cirrus, Cir 8 Cinu* sac, B ktfgp , Bb Excretory bladder, 0 0 Genital opening. 
In Intestinal caeca, 0» Oral sucker, Ov Ovary, Ph Pharynx, PPh Prepharynx, 
P Pro* Pars prostatiea, Tn Testis Vt Uterus, Vit Vitelline glands, V 8 Ventral 
sucker V 8tm 1 Vesicula setninalm interna, V Sim B Vosicula seminahs externa. 

The oral sucker u oval and subterminal It ib 016 mm long by 0 17 mm 
broad. The acetabulum is smaller than the oral sucker and is 015 mm long b> 
0 13 mm broad Tt lies at a distance of 0 08 mm from tho antenor end. 

The mouth lies nt the anterior end of the oral sucker and leads into a long 
prophary iix about 0 1 mm long by 0 04 mm broad The latter opens into a strong 
muscular pharynx 0 07 mm long by 0 08 mm broad Posterior to pharynx is a 
short tesophngus which divides into two simple intestinal caeca, which run up to the 
posterior end of the body 

The excretory pore is situated at the posterior end of the body It leads into 
ft long tubular bladder which branches into two short diverticula behind the 
posterior testis 
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The genital opening lies immediately in front of the ventral sucker, a little 
to the right of the median line 

The male reproductive organa consist of two deeply lobed testes lying one 
behind the other The anterior testis is situated immediately behind the ovary 
at a distance of 1 mm from the anterior end It is 0 06 mm long by 012 mm broad 
The posterior testis is larger than the anterior one, and is situated at a distance 
of 114 mm from the anterior end, and 0 08 mm behind the anterior testis It 
is 017 mm long by 0 18 mm wide 

The cirrus sac is a long flask-shaped organ lying on the right side of the 
acetabulum It is 0 24 mm loug by 0 00 mm wide The organa contained within 
the cirrus aac are the veaicula aeminalis interna, para proatatica, a muscular cirrus 
and prostate gland cells The veaicula aemumlia consists of two parts, a veaicula 
aeminalis interna lying within the cirrus sac, and a vesicula seminalis externa lying 
outside the cirrus sac freely in the parenchyma 1 lie \ esicnla aeminalis interna 
is oval in shape and is 000 mm long by 0 05 mm wide. The vesicula Beminahs 
externa extends up to the ovary and is divided into two portions, an anterior portion 
which is ovul and is 0 03 mm long by 0 05 mm wide, and a posterior spherical 
portion with a diameter of 0 O') mm The vesiculu scnnnatis interna opens through 
a short duct into a long tubular pars proBtatica 0 07 mm long by 0 02 mm wide 
The latter opens through a short ejaculatory duct into a retracted muscular cirrus 
007 mm long by 0 02 mm wide, which opens to the extenor at the genital 
pore 

The ovary is a tnlobed organ with a maximum length of 011 mm and a 
maximum breadth of 014 mm It lies at a distauce of 0 92 mm from the anterior 
end From its nglit posterior lobe arises the oviduct which opens at the ootype 
The Laurer’s canal is present. The receptaculum soinmis is absent but the uterus 
at its ongm is full of sperms 

The vitelline glands consist of large follicles extending from the ovary to the 
postenor end The) are lateral iu position antenor to poatenor testis, while 
postenorly they extend towards the middle line The too transverse vitelline 
ducts formed by the union of other ducts unite in the region of antenor testis 
and open into the ootype. 

The uterus anses from the nght side of the ootype opposite the opening 
of the oviduct, aud runs in a sinuous manner between the two testes to a 
distance of about 016 mm in front of the postenor end, where it bends and 
runs forward through the same course to open at the genital pore The 
terminal portion of the uterus is not muscular and lies on the nght side of the 
cirrus sac. 

The eggs are oval, nperculated and covered over by a thin brown shell They 
measure 0 030 mm by 0 016 mm 
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The distinguishing characters of (he form described may be aununarised as 
follow* - 

1 Cylindrical body devoid of spines 

J fsurge prepharynx, and muscular pharynx 

S Testes and ovary deeply lobed 

4 Cirrus sac large, with oval vesiculn semmalis interna, tubular pan 
prostntica and a retracted cirrus. 

5 Vesiculn seminalu externa divided into two portions 

b Vitelline glands with large follicles extending from the ovary to the 
posterior end, lateral only anterior to jiostenor testis, and extending towards 
the middle lino posteriorly 

7 Laurer’s canal present and uteius acting as rcceptaculum scminis 

8 Eggs opcruilatcd 

Dim usatmt —The new form Nt^niiua hydeuibarh, ns will appear from the 
description, is closely related to Lsptopluxllus, Ganadn and Neognmuin It however 
differs from all of them in tho possession of a long prepharynx, short (esophagus, 
in the structure of the cirrus sac, chiefly in having vesiculn seroirinlis externa 
divided into two portions, lh the possession of deeply lobed testes and trilobed ovary, 
and iu having operculated eggs. Further it differs from Leptophallm and Neognnada 
in the absence of rcceptaculum senunu, and from Gantula in the structure of veslcula 
seminal is interna and externa, and in the shape of the pars prostaticn These 
differences along with the topography of organs are enough to erect a new genus 
Nttamta with tho following diagnosis — 

P/ngiofr/itidrr, body cylindrical, cuticle without spines Prepharynx long, 
pharynx strong and muscular, oesophagus very small Intestinal caeca simple 
reaching to the posterior end Gemtnl opening in front of the ventral sucker u 
little to the right of the median line Testes deeply lobed one behind the other 
Cirrus sac large, on the right sido of tho ventral sucker Vesicula semmalis consists 
of two parts, vesicula semmalis interna lying within the cirrus sac, and vesicula 
semmnltH externa lying outside the ctrrus sac The vesicula scmmnlis externa 
is divided into two portions Tubular pars prostutica and a retracted cirrus present. 
Ovary trilobed Laurer’s canal present, receptaculum senunis absent, uterus at its 
origin filled with sperms Vitellarxa with large follicles extending from the ovary 
to tha posterior end, lateral only iu front of the posterior testis and extending 
towards the middle line posteriorly Uterus with descending and ascending limbs 
running between the testes Eggs oval and operculated. 

The genera Leplophalluit, Ganadn, Neoganada and Nuarnta differ from all 
other members of tho family IHagtmrhttda in having vesicula semmalis divided 
into two portious, a vesicula seunnalis interna lying within the cirrus sac, and a 
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veaiculA seminalis externa lying outside the cirrus sac, free in the parenchyma. 
Baer* (1024) and Mehra (1031,1937) included the genus Lepfopluillms Luhe in the 
subfamily Tb achycoelunte Looms (1800) The genera Leplophaltm and Brachy- 
coeltum differ from each other chiefly in the extent of intestinal caeca, and in the 
structure of the cirrus sac Mehra* (1037) has used these characters, chieflj the 
structure of the cirrus sac and the vcsicula seminalis, as subfaniil) charm tors, 
in the classification of the family Plagwichttdu Therefore on the basis of the 
classification ns given by Mehra" (1037), and supported by Olsen’ (1037) the genera 
Lepiophallmt, Ganndn, Neogannda and Ntxatma should be placed in a new subfamily 
Lrptophallmrr with the following diagnosis — 

Phujtoi chndtu , cuticle smooth or covered with spines Pripharjnx, pharjnx 
and (esophagus present. Length of lntestiunl cneci variable usually nndiing to 
posterior end of the body Excretory bladder Y-shaped, with long stun and shott 
diverticula Genital pore m front of acetabulum Testes connubial or tandem 
Cirrus pouch generally crescentic Vesiculi semituilis divided into vesicula 

seminalis interna and externa lying within and outside the uirus sac respective!) 
Ovary in front of testes Laurer’rt canal present Rcceptaculuin scmints present or 
absent Vitelline glands with large follicles, usually lateral I'tcrus with transverse 
coils extending to posterior end of the body Eggs numerous with or without 
operculum 

Key to the genera of the subfamily Leptophnlluur, N Sub Earn 

1 Receptaculum scminis present J 

Receptaculum semims absent 1 

2 Intestinal caeca short not extending to posterior end, testes 
symmetrical, cirrus pouch anterior to acetabulum, vitelline glands from 

pharynx to acetabulum Lcplop/tallwt 

Intestinal caeca extending to posterior end, testes one behind the 
other, cirrus sac large, crescentic, lateral to acetabulum, vitelline glands 
lateral, extending to posterior end, uterus with transv ersc coils Nroganada 

3 Testes spherical lying ouc behind the other, vcsicula 
seminalis interna tubular, vesicula seminalis externa a simple sac 

like organ (mnada 

Testes deeply lobed lying one behind the other, vcsicula 
seminalis interna oval, vcsicula seminalis externa divided into two 
portions, ovary lobed, Laurer’s canal present, uterus acting as recepta¬ 
culum semims, eggs operculated Nt*amia 

I am deeply indebted to Dr G 8 Thapar for his kind help and placing 
at my disposal his valuable library My thanks are also due to Dr B K Das 
of the Osmania University for permitting mo to collect the tremntodes in his 
laboratory 
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CHEMICAL EXAMINATION OF TIIE FRUITS OF FHY8ALI8 
PERUVIANA OR CAPE GOOSEBERRY, PART III 

By Jaqhaj Beiiari Lai 

CHEMISTRY DEPARTMENT, UNIVERSITY OF All AHABAD 

Communicated by Dr 8. Dutt 
Rccoired January 10,1938 
SUMMARY 

From the husk of the berries of Phfitali* ptruviana hare been Isolated potassium chloride 
admixed with potassium citrate (0*15%X a phytosterol C lt H«« O, H.O mp 138*0 (uncorr) 
(yield 004%), oleic, 1 indie, hndenic and saturated acids, a trace of a pungent alkaloid, an amor 
phous bitter glucoside C*„ U,« 0|« mp 100* 102'C (uncorr) (yield0*3%) besides considerable 
amount of tannins, phlobsphencs and reducing sugars. 

Physalu peruviana (N O Solannceie) called Cape-gooseberry in English and 
Makoi in Hindustani is cultivated in India, as it affords an excellent fruit. As 
for as the author is awAre tho fruits have not been chemically examined and conse¬ 
quently the husk which has been accidentally found to be very bitter in taste 
was subjected to detailed chemical examination 

Several members of the extensive genus Solanacece have been reported to 
contain gluoo alkaloids, for example solanme-t and solnmne-s isolated from Solatium 
tuberosum and Solanum todomoeum are well known as the result of the recent 
work *.*».«.•.»* by Oddo and his co-workers as well as others. Solangustu* 
C 8 g Hit Or N which on hydrolysis gives glucose and solangustidinc C»» H*$ O* N 
has been isolated from Solanum augustifolta and aolanocapsine C*t H«i 0$ N» 
or C»« H«« 0» N* and aolanocapeidine, probably Ct« H«» 0« Nt have been isolated 
from Solanum peeudoeapneum, {winter cherry) 1 

W 









60 


OHBMBTRY JAGRAJ BBHABI liAL 


Saiyed and Kanga’ have isolated from the whole plant Solatium xanthocorpum 
corpcsterol C*# II j* O, an alkaloid solancarpidine, C** Hu 0> and a glucoalkaloid 
eolanacnrpine Cu Hn Om N Gupta and Dntt 1 as a result of detailed investi¬ 
gation of the seeds of this plant have isolated the glucoalkaloid, eolanacnrpine 
C 44 II 74 On N* giving on hydrolysis glucose, rhamnose and solanaearpidine to 
which the formula Cgt H t 4 Oi Nj has been assigned. Besides the glucoalkaloid 
they have recorded the isolation of oarpesterol, C 8 « H#j O 4 m.p 248 C and a lactone 
On H 4 j Oj up 78 C . 1 * 

The present investigation was undertaken in the hope of isolating the bitter 
principle as well as glucoalkaloid if any from the husk of Physalta peruvuma. The 
husk has boon found to contain 015% of potassium chloride admixed with potassium 
citrate, 004% of a phytosterol C,i H 44 O, H* Omp 132*C besides oleic, letaolic, 
linohnic (traces) and saturated acids The husk also contains on uncryatnllisable 
pungent alkaloid in traces, and nn amorphous bitter principle having the formula 
C 46 Hga Oi § m p 100 *- 102 *C besides considerable amount of tannins, phlobaphenes 
and reducing sugars 

Experimental 

In order to form on idea about the solubility of the constituents of the husk 
30 gms of the powdered stuff were extracted in a Soxhlet’s apparatus with various 
organic solvents in succession when the following amounts of extracts dned at 
100* C were obtained 

Petroleum Ether Extract —Pale yellow semi-solid waxy mass, yield 4*91% 

lienxene Extract —Greenish brown mass containing fatty matter and enro- 
tinoids and bitter in taste. Yield 4 00 % 

Ethyl Acetate Extract —Brown mass, slightly bitter in taste and gave a green 
colour with ferric chloride, jield 2 45% 

Alcoholic Exit act —Brown resinous mass having an lntcnso bitter taste Water 
partially dissolved it giving a brown solution which gave deep green colorntion 
with ferric chloride (tannins and phlobaphenes) and a brown rcsuious itiass remained 
undissolved Yield 8 4% 

For complete examination 5 kgms of the coarsely powdered husk were in lots 
of 700 gms repeatedly extracted with rectified spirit in a 5 litre extraction flask 
until the extraction was complete The combined brownish >el1ow extracts were 
distilled until most of the solvent had been recovered and the residue boiled frothily. 
On allowing tho concentrated extract to stand for a month it deposited n considerable 
amount of gntty crystalhno stuff and some greenish brown resinous mass After 
addition of sufficient alcohol to completely dissolve the resinous mass it was filtered> 
at the pump, and tho residue well washed with alcohol After crystallisation from 
water it was obtained ns shining white crystalline moss and was fopnd to oonsist 
mainly of potassium chloride and traces of potassium citrate (7*5 gm.). 
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Prom the filtrate alcohol was removed as completely as possible under reduced 
pressure and the residue left was repeatedly extracted with benzene. The 
combined benzene extracts were concentrated after filtration and the green oily 
viscous mass thus obtained could not be crj stalliscd and was finally saponified by 
boiling with a slight excess of 20% alcoholic caustic potash The residue left after 
complete removul of alcohol was treated with water and repeatedly extracted with 
ether The small amount of unsapomfiablo matter obtained on repeated crystalli¬ 
sation from small quantities of alcohol wns obtained as silky needles melting at 
132'*C and gave all the usual colour reactions of sterols (Found C, 810 %, If, 10 0 %, 
C»t Ht*0, H|0 requires C, 84 3 % , H 10 4%) 

The soap after the removal of the unsaponihablo matter was treated with 
500 cc. of water wheu a considerable portion of brownish grey stuff remained 
undissolved It was acidified with dilute sulphuric acid and heated on the water 
bath The free fatty acids were removed by extraction with petroleum ether (0 4 % 
by weight of the husk) and were separated into saturated (11 b %) and uusatumted 
acids (88*4 %) by TwitchcU’s lead salt alcohol method The unsaturated acids having 
iodine value 128 8 were found by bromine method to consist mauily of oleic and 
hnoleic acids and a trace of linolemc acid 

The concentrated alcoholic extract (A) after removal of chlorophyll and 
waxy matter was dissolved m alcohol and on keeping for several days did not 
deposit any crjstalhne stuff It was found to give copious precipitates with 
nlkaloidal reagents but as the solution turned milky on the addition of water and 
deposited sticky brown mass, the tests with alkaloidul reagents were not reliable 
and did not go to show conclusively the presence of nlkaloidal bodies A measured 
amourit of the alcoholic solution was takeu and after complete removal of alcohol 
was repeatedly extracted with cold dilute hjdrochlonc acid The acidic solution 
after neutralisation with ammonia and repeated extraction with chloroform and 
romoval of the latter by distdlation gave a trace of a brown viscous stuff having 
a strong ammomacal smell, and having a pungent but not bitter taste Its solution 
in dilute hydrochlono acid gave positive tests with alkaloidal reagents All this 
went to indicate that the bitterness of the husk of Physaltg pmn tana is not dne to 
an alkoloidnl body 

As the reddish brow u alcoholic solution (A) gave with alcoholic load acetate 
first a dirty brown precipitate and then a bright j ellow precipitate it was considered 
advisable to try the lead salt method The alcoholic solution was treated in the 
cold with a small quantity of alcoholic lead acetate solution drop by drop till the 
formation of dirty brown precipitate had ceased and bright yellow precipitate began 
to separate The resulting precipitate was filtered at the pump and well washed with 
alcohol and hot water and on decomposition with sulphuretted hydrogen in alcoholic 
suspension and concentration of the filtrate after removal of lead sulphide gave only 
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tannins and phlobaphenes. The filtrate from the brown lead lake was treated In the 
hot with a slight excess of alcoholic lead acetate and the resulting bright yellow 
lead lake on decomposition with sulphuretted hydrogen in alooholio suspension gave 
a brownish solution which on concentration deposited no crystalline stuff and 
consisted of tannins, phlobapbenes and wns not bitter but astringent in taste. 

The filtrate after complete precipitntion with lead acetate gave a bulky and 
sticky yellow precipitate on dilution with water Consequently precipitation with 
basic lead acetate was considered to be useless and the alcoholic filtrate was treat* 
ed with excess of hydrogen sulphide and the resulting lead sulphide filtered off, 
and repeatedly extracted with boiling alcohol and the filtrate combined with the 
main The filtrate after concentration and dilution with water gave a viscous 
precipitate which was repeatedly washed with water and crumbled to a fine brownish 
powder Attempts to crystallise it from various solvents failed. It has an extremely 
bitter taste and contained C, H and 0, only It is sparingly soluble in hot 
or cold wnter, benzene, petroleum ether, ether, chloroform and carbon tetrachloride 
and readily in methyl and ethyl alcohol and in acetone In alcoholic solution it 
gives a green coloration with feme chloride dissolves to a yellow solution in alkali 
hydroxides but not in alkali carbonate solutions With concentrated H*80i in 
presence of a little acetic anhydride a pinkish violet coloration (Liebermann’s 
cholesterol reaction) It reduces Tollen's reagent on continued boiling but Ffehling’s 
solution only after hydrolysis with dilute mineral acids, and melts at 100*—102*C 
(Found C, 6024, 6037, H, 771, 784, M W in ethyl alcohol ebnltioscopically 
018, CjgHs«Ois requires C,004 , H, 74% , M W 894) 

The author wishes to convey his heartiest thnnks to Dr 8 Dutt, D Sc, 
P R.8., for his kind interest in the investigation 

Befa cnees 

1 Bargar, G and Fraenkel conrat, B L. (1036) Jour Ohm Sot , 1537 

3 Bergel and Wagner, R (1083) Btr , 66, 1003 

8, Dictate, H. and Rochdmeyer, H (1035) Arek Pharm , 272,632 

4 Gupta, M. P and Dott, S. (1933) Jour ltd. Ohm Ate, 16,05 

5 Oddo, G (1029) Btr , 62, 267 

6 Oddo, O and Carrona, (1932) Outttta, 62,1106 

7 Saiyed, I Z and Kanga, D D (1936) Proe lnd Acad. Sei , 4,283 

8. Sehopfand, 0 and Herrmann, R, (1963) Per, 66,1093 

9 Tubn and Ctewer, H W B (1914) Jou r Ohtm Soe 106,659 
10. Wallenfela, K (19J6) Btr , 69,811 
11 Zetnplcn, G and Gcrces, A (1928) Btr , 61* 2294 



A NEW TREMATODE, QORQOTRKMA BARBIUS, N GEN, N SP, 
FROM A FRESH-WATER FISH, BARBUS SARANA 

By J Dayal 

Depahtmknt of Zoology Lucknow University 
Roccived April 90,1038 

SUMMARY 

Qorgotrima barbin* w a dorsoven trolly flattened trematode with a broad nearly circular 
posterior portion and a long neck like anterior portion of the body The «*utHle is covered with small 
scattered spines A fnnnel shaped buccal cavity is present Oesophagus is long and the intestinal 
caeca am simplo and broad Excretory bladder is tubular with lateral branches Genital opening 
is in front of the intestinal bifurcation A genital atrium is present Testes are follicular 134-40 
follicles! Uterine coils are posterior to ootype, mostly intorcaecal Tho relationship of the new 
form is discussed in the paper 

Hie trematodes were collected from the kidneys of a fresh-water fish, Barbus 
sat ana They belong to the family Gorgodendae Looks (1901) and the snbfamily 
Gorgodennae Loose (1899) But they differ from all the known genera in important 
characters which necessitate the erection of a new genus for its reception 

Qorgotrema barbms , N Gen, N Sp 

The new form Qorgotrema harbtus is a dorsoventrally flattened trematode of 
white colour The cuticle is covered with small scattered spines Tho anterior 
portion of the body is narrow And elongated, while the posterior portion of the body 
is much expanded and nearly circular The worm is 4 4 mm long by 2*% mm 
broad The narrow anterior part is 187 mm long by 0 96 mm broad in the region 
of the genital opening, and the posterior expanded portion is 2 63 mm long by 
2*95 mm broad. 

The oral sucker is oval and aubterromal It is 0 47 mm long by 0 44 mm wide 
The ventral sucker is larger than the oral sucker and oval m shape. It is 045 mm 
long by 0 47 mm wide It is situated at the junction of the neck-bke projection and 
the broad portion of the body, at a distance of 157 mm from the anterior end. 

The mouth is a slit-1 ike opening on tho ventral side of the oral sucker and 
opens into a funnel-shaped buccal cavity The latter leads into a long oesophagus 
1*08 mm long by 005 mm broad The oesophagus bifurcates into two simple and 
bread intesttUal caeca which terminate at a distance of 0 6 mm from the posterior 
end of the body. 
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The excretory pore u situated on the ventral side near the posterior end of the 
body It leads into a long tabular bladder extending as far as the posterior follicles 
of the testes. A number of excretory tubules open on either side of the excretory 
bladder throughout its entire length 



I- USB -- 

Fie l 

Ventml view of Oorgotrema oarorus 

Be Buccal cavity, Be Ductus cjaculstonus Bb Excretory bladder, In. intestinal 
caeca, Met Metraterm, Od. Oviduct, On Oesophagus, Oof Ootypo, Os Oral sucker, 
Ov Ovary, Pr Prostate glands, 8g Shell glands, Tet Testes, Ut Uterus, Vg YlteUine 
glands, V aim Vesicula seminalis, V S Ventral suckor 

The genital opening u situated between the oral sucker and the intestinal 
bifurcation, at a distance of 118 mm from the anterior end and 0 8 mm in front of 
the lutCstinal bifurcation It leads into a common genital atrium into which open 
both the male and the female genital duets 

The male reproductive organs consist of a large number of small rounded or 
oval testes. They nro scattered irregularly in tho anterior half of the broad portion 
of the body, behind the ovary and between the intestinal caeca. The dumber of 
testes is between 34 and 40 In the type specimen the number is 38. 
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Tie cirrus sac is absent. The vesiculn seminalis lies freely in the parenchyma 
and is oval in shape. It is 0*076 mm long by 0 06 mm wide and opens into a Bhort 
ejaculatory duct 0*08 mm long Tho latter opens into the genital atrium on the left 
side of tho opening of the female duct 


ISl 

3 

3 



Fig 2 

Ovary and ootype complex of Got gotremn ftatlmm 
Lettering n» in Fig 1 

The female organs consist of an ovary and its duct together with a number of 
accessory organs associated with it The ovarj is situated on the right side of the 
right vitelline gland, and is partly internal to and partly overlaps the nght intestinal 
caecum on the ventral side It is oval in shape and lies at a distance of 2 15 mm. 
from the anterior end It is 019 mm long by 014 mm broad From its left side 
arises the oviduct which opens into the ootype The vitelline glands consist of 
two large i undivided follicles. They ore situated m the middle of the body, on 
either side of the dotype, behind tho ventral sucker The nght vitelline gland 
is 0 2 mm. long by 012 mm broad, and is situated at a distance of 2*1 mm from the 
anterior end. The left vitelhno gland is irregular m outline and is 018 mm long 
by 017 mm broad. It is situated at a distance of 216 mm. from the antenor 
end. The ducts from the two glands open separately at the ootype. A large number 
of unicellular shell-glands, each with a large nucleus, surround the 5otype 
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The uterus arises from the posterior side of the fiotype between the openings 
of the vitelline duots It runs backwards forming coils mainly between the 
intestinal caeca, but also extends over the latter on the ventral side Anteriorly 
it runs dorsal to the ventral sucker to open at the genital atrium on the right side 
of the opening of the male duct 

The eggs are oval m shape with a thin light-brown shell They measure 
0 031-0 035 mm, by 0 022-0 024 mm 



Fig. 3 

Vesiculn seminalis and metraterm of Qoigotrema bat bins 
Lettering as in Fig 1 

The distinguishing characters of the new form may be summarised as follows — 

1 Body flat, divided into an antonor elongated neck-like portion and a 
posterior broad circular portion 

2 Cuticle covered with small scattered spines. 

3 A funnel-shaped buccal cavity present. Oesophagus long, intestinal 
caeca simple and broad. 

4 Excretory bladdor tubular with lateral branches 

5 Genital opeumg anterior to intestinal bifurcation 

6 A cotqmon genital atrium both for male and female ducts present 

7 Testes follicular, in large uumbers (34—40), scattered in tike anterior 
half of the broad portion of the body. 

8 Uterine coils posterior to ootype, mostly iutercaecal. 

Discussion —Tbe new form as will appear from the description belongs to the 
family Gorgodendae and the subfamily Gorgodennae. It differs from all the 
known genera of the subfamily ( Qorgodera, PhyUodwtomum , Mama and Xysti etum) 
in the possession of funnel-shaped buocal cavity, in the position of the genital 
pore, in the shape of the excretory bladder, in the number and configuration of the 
testes Qorgodera is the only genus in which the number of testes is more than two, 
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but in Oargodera the testes are nine in number and are arranged in two longitudinal 
rowB one behind the other, one row consisting of four and the other of five 
testes* In Ootgottema the testes are in laige numbers (34—40 ) scattered 
irregularly in the an tenor half of the broad portion of the bod) The difference 
in the number and the configuration of the testes, the position of the genital 
pore, and the possession of the buccal-funnel is enough to justify the erection of 
a new genus, with the following diagnosis — 

Qotgoilemiae, with flat bod> divided into an anterior narrow elongated 
I portion and n posterior expanded, nearly circular portion Cuticlo covered with 
small scattered spines A funnel-shaped buccal env it) present, phar)nx absent, 
(esophagus long, intestinal caeca simple and brond Exeretor) bladder tubular 
and with laternl branches Genital pore anterior to intestinal bifurcation, a 
genital atrium is present Testes follicular, scattered in the anterior half of the 
broad portion of the body Ovar> on the right side internal to the intestinal 
caecum, and at the same level as the vitelline glands Vitelluie glands two and 
unbrnnohed Uterine coils rnmniy intercnecnl and behind the dotype Eggs oval 
with thin light-brown shell Parasites of the urinary organs of fishes 
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THE FATE OF THE DUCT OF CUVIER IN MAN AND CERTAIN 

OTHER MAMMALS 
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SUMMARY 

The large venous trunks in the case of man and 11 types of Mammals have been investigated. 
The arrangement of veins in the region of the superior vena cava and the coronary sinus has been 
described As a result of this investigation it is observed that three definite types of arrangement 
exist and these have been discussed from the developmental point of view 

The big veins entering the right atrium in man and several mammals have been 
dissected and studied, and an attempt has been made in this paper to compare the 
varying conditions of these veins and discuss the possible origin of these variations 
As far as possible, the animals were obtained alive, they were narcotised with 
chloroform and dissected in fresh condition In the case of smaller animals, preserv¬ 
ed parts wore used and the veins were injected with methylene blue. 

The subjects and their number used during the course of this investigation 
were — 


Human 


.. 5 

Rabbit 


. 2 

Monkey 

• 

3 

White Rat 


.. 3 

Goat 


.. 2 

Porcupine 


2 

Sheep 


1 

Mongoose 

m 

... 2 

Dog . 


2 

Squirrel 


a 

Fox . 


1 

Cat ... 


2 


As a result of these investigations it was found that the arrangements in 
connection with the formation of the supertot vena caia and the eotonary emus full 
into three mam groups — 

(1) The arrangement , at is found typically in man, consists of (a) a single 
superior vena cava on the right side with the azygos vein opening into it, and 
( b ) a coronary sinus on the left side This arrangement was fouud to be constantly 
present m the monkey, dog, oat, and fox (fig 4). ' 

(8) The anangement, as is found typically in rodents, consists of (a) a 
superior vena cava on each side, and (b) the azygos vein opening into the snpertor 
vena cava of the right side (fig 6) 
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(3) The arrangement, ae te found m goats and sheep, consists of (a) a nght 
supenor yens cava without the azygos vein, and (6) a left azygos vein which opens 
directly into the nght atnum, and replaces the coronary sinus in man and the left 
superior vena cava in Rodents (fig 5) 

Development of the Venous System in Early Stages 

In its earlier stages the venous system consists of two anterior catdmal tetns 
and two posterior cardinal tetns which ]oin together to form the common andtnal 
letn of either side. The common cardinal veins receive the umbilical and vitelline 
veins and thus form the duct of Ctiuei on either side (fig 1) This arrangement 
of veins forms the ground plan of the embryonic venous system in all mammals 
The different types of the adult venous system are obtained by tho formation of 
fresh cross-channels between the embryonic veins, and the atrophy and obliteration 
of some of these veins 

(1) Subsequent Development m Man —In man, a cross-channel appears 
between the two anterior cardinal veins On the nght aide, part of the anterior 
cardinal vein, lying proximally to this new cross-channel, forms the supenor vena 
cava, the cross-channel itself forming the left innominate vein The supenor vena 
cava in its lowest part is formed by the duct of Cuvier The poatenor cardinnl 
vein persists on tins side and forms the uppermost portion of the azygos vein which 
opens into the supenor vena cava. On the left side, however, the intra-pancardial 
portion of the left antenor cardinal vein and the duct of cuvier undergo partial 
atrophy and give rise to the vestigial fold and the oblique vein of Marshall, This 
oblique vein turns round the left auricle to terminate into the left horn of the sinus 
venosus, which is the precursor of the coronary sinus The left postenor cardinal 
vein atrophies 

To sum up, the adult condition in man consists of (1) a supenor veua cava on the 
right side, formed from the nght nntenor cardinal vein and the nght duct of 
Cuvier, (2) the azygos vein formed from the right postenor cardinnl vein and 
opening into the supenor vena cava, and (3) the coronary sinus on the left side 
(fig 4) 

Since the adult venous system in man resembles that found in the dog, cat, fox 
and monkey, it is likely that the venous sj stem m these animals follows the same 
course of development as m man 

(2) Subsequent Development tn Rodents —In Rodents both the nght and left 
antenor cardinal veins persist and form the two supenor vena cavae In their 
proximal parts, both the supenor vena cavae are completed by the ducts of Cuvier 
and finally open into the right atnum. 

The nght postenor cardinal vein also persists and gives nse to the proximal 
portion of the azygos veiu On the left side, the postenor cardinal vein atrophies 
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Thus we have m the adult (1) the right superior vena cava formed from the 
right uutenor cardinal vein and the right duct of Cuvier, (2) the left superior vena 
cava formed from the left anterior cardinal vein and the left duct of Cuvier, and 
(S) the azygos vein formed from the posterior cardinal vein and opening Into the 
right superior vena cava. The left superior vena cava winds round the lower border 
of the heart and, after traversing the aunculo-ventncular groove, opens into the 
right atnum close to the opening of the inferior vena cave (fig 6) 

(3) Subsequent Development m Goats and Sheep —A cross-channel develops 
between the two anterior cardinal veins and forms the left mnomiuate vem os ui 
the case of man The part of right anterior cardinal vein, lying proximally to the 
cross-channel, forms the distal portion of the supenor vena cava, the proximal 
portion being formed by the duct of Cuvier The left anterior cardinal vein 
proximal to the cross-channel atrophies. The posterior cardinal vein of the right 
side atrophies, while that of the left side persists and forms a part of the azygos vein 
which in its subsequent course is completed by the left dnet of Cuvier and opens 
finally into the right atrium 

Thus wc have m the udult (1) a superior veaa cava formed from the nght 
anterior cardinal vein and the duct of Cuvier, (2) a left azygos vein formed from the 
left posterior cardinal and the left duct of Cuvier The azygos vein lies on the left 
side of the descending aorta and winds round the supenor aspect of the left root of 
the long and then traverses the ntno-ventncular groove Finally it opens indepen¬ 
dently into the nght ntnum, the opening being placed dose to the left side of the 
opening of the inferior vena cava (fig 5). 
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SUMMARY 

In this paper Mshajiun h ntul Kromwlcbs modifications of Dedckiml* (ruitmrut of Real 
Numbers are examined and a riifterail ono suggested 

Dedekind’s Section of the Rational Numbers R is defined by him as follows — 
“If now any separation of the system R into two clnsses At, As is given which 
possesses only this characteristic property that every number at m A| is less than 
every number at m Aj, then for brevity we shall call such a separation a cut (Schiutt) 
and designate itby(Yi, Yj)”* Three possibilities follow from this section of tho 
Rationale —(/)Ai has a greitest or (/*) At has a least or (m) neither At has a 
greatest nor A, a least. Obviously (#) and (n) ennnot occur simultaneously 
In ease (t) or (n) occurs, tlie greatest number in At or the least in A, is a rational 
number and is defined by the cut, (Ai, A t ) When (m) occurs, Dedektnd intro¬ 
duces the Axiom of Continuity and the Irmttounl number x is created corresponding 
to the cut (At, At) The Rational and Irrational numbers defined by the cut 
(At, At) of the Rationale arc called Real Numbers and denoted by R Order in the 
set is then set up by three definitions, which may bo taken as three conditions, , 
it is established how and when x->/<y He then establishes his famous Theorem of 
Continuity for the Real Numbers R 1 — 

“ If the system R of nil real numbers breaks up into two classes Aj, A s such 
that every number Xi of A\ is less than every number of A t then there exists 
one and only one number x, by which this cut is produced.” 

The power of Dedekind’s Theorem of Continuity lies in the following facts — 
(t) All real numbers (Gi S x SQ,) arc classified (2) There are just two classes— 
not more not less (3) The theorem is true hi any interval of Real Numbers, closed 
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or open (4) The division into two classes is brought about by any method whatso¬ 
ever of division (5) There is one and only one condition on which this theorem is 
established, aside from the three, used for introducing 'order* It is for these reasons 
that it is so widely and powerfully applied m Analysis 

Mahajam’s Modification' 

Let us now consider Mnhajam’s modification of Dedekind’s treatment of the 
Irrational Number This is in the form of five conditions instead of the one required 
by Dedekind He states, “ Try to separate the rational numbers into two classes— 
the lower class and the upper class (a/A)—so that they satisfy the five conditions, 
mentioned above,” 8 which are as follows — 

“(t) if a belongs to the lower class so does every number less thnn a, 

(«) if A belongs to the upper class so does every number greater than A, 
(m) every number a is less than every number A, 

(n ) numbers a and A can be found in the two classes such that (A-a) is 
less than any arbitrary fraction, 

( v ) neither the lower class (a) has a greatest nor the upper class (A) has 
a least *’* 

Later three definitions in the nature of conditions are introduced to establish 
order, thus making eight conditions m all The number of conditions imposed in a 
Theorem is u \ ery important matter In general the greater the number of conditions, 
themoie limited is its application The proof, however, may become simpler Let 
us therefore examine the five conditions leaving aside the three on 4 order* 

Condition ( m) is the same ns Dedekind’s 

Conditions (*), (**), (tv) canuot be called conditions if by a * condition * we mean 
some quality which if not stated and demanded is not ueceesanly true But 
these are ensil> dcduciblc from the properties of Rational numbers and condition (tit) 
Hence whether these are stated or not stated nothing is lost so far as the Theorem 
is concerned 

Condition (t>) is the only real modification, hence its effect on the theorem must 
be examined carefully (1) This condition is inserted to ensure "that all the rational 
numbers except one arc here classified ”* It is again stated m connection with this 
modification, "Separate the rational numbers into two classes*** But if one 
number always escapes classification, it is not a classification of all the Rational num¬ 
bers, it is a classification of all but one and this one forms a class by itself There are 
in fact three classes Now the division of the Rational uumbers (or of Real Numbers) 
into two classes is to bo effected in de la Vallee Poussin's words "par un procede 
quelqonque” 10 whereas in Mnhajnni’s modification, it CAn be produced only if a num¬ 
ber is specified In the problems that arise in Analysis where this theory is applied 
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we are generally forced to rely upon two properties say P and Q which, as. Hardy puts 
H, “ are mutually exclusive and one of which must be possessed by nery rational 
number ” 4 As a result no rational numbet can escape classification and only two 
classes can arise. (2) Condition (r) is however one of the possibilities resulting from 
the section of Rational Numbers into two classes ‘pnr un precede quelqonque,' and 
when this possibility occurs, the Irrational Number is introduced to preserve the idea 
of continuity attached to the aggregate of points forming a straight line Hence 
it is difficult to see how 0) can be considered as a condition (3) In dealing with 
numbers, the separation into classes is limited to finite numbers, henco the set (x) 
is bounded above and below, that is to say or, x is defined over a 

closed interval It is, however, obvious that this modification cannot be applied to 
the two end numbeis (4) Notice again that in dealing with the four operations 
between any two numbers Mahajam removes all negative numbers from the lower 
classes “ thus leaving these classes truncated during the operation ” But tn the 
truncated classes thus produced, the proof is not valid when one of the 
numbers is zero (5) It is however when condition (i>) is applied to Real Numbers 
that a more senous defect is introduced It is stated in connection with the proof 
of the Theorem of Continuity of Real Numbers that “if a[A is a section of the 
Reals satisfying the fixe conditions,” 1 and “One ical numbet must alwa>s escape 
classification,” * and again “ By modifying Dcdekmd’s method in the way here 
adopted—wo ahiays get an open cut”* That is to sa>, according to Mahnjain’a 
definition of the ‘Section’ of the Renl Numbers also it is required that the lower 
class should have no greatest number nnd the upper class no least and that one 
number should nlways escape classification It follows, however, from the nature 
of the two properties P nnd Q quoted above that all numbers in the closed interval 
Gt£&£Gs of Real numbers nre classified into two classes and consequently one 
of the sections must be closed Unless this happens the theorem is not applicable in 
Analysis This is confirmed by the following fact — 

The very first theorem in Analysis to which tlio Theorem on Continuity is 
applied by Mahajnui is m the Theory of Limits, to prove ‘the existence of u least 
among all upper bounds of an aggregate " In pro\ mg this theorem Mahajam does 
not use his own modification of Dedekind’s section of Real Numbers, but applies 
Dedekind’s method I quote from Mahajam 1 ' — 

“ All Renl Numbers nre now classified in this mode of partition nnd we have a 
Dedekind section, whose upper class consists of the upper bounds of (z) 

Observe now that it is impossible in this case for the lower class to possess 
a greatest number . 

It follows, therefore, that as the lower class of the Dcdekind section has no 
greatest, the upper class must possess a least.” 
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Note that hero Mahayani is laying emphasis on the last sentence, that is to 
say, one of the classes must be closed, hence ttoth ate not open This » contrary 
to condition (r) This is precisely tho weakness ui Mnhnjani’s modification of 
Dedekind’s Theorem as applied to Real Numbers. 

Bromwr h’h Modification 

Maluijnni * states “ Bromwieli omits tlic fifth condition which nppears to be 
('Bsentml ” As a mattei of fact, Mah» jam’s hist four conditions arc exactly the 
same as Bromwich’s 1 four conditions nnd the fifth is also implied by Bromwich 
in fact Bromwich states la connection with his modified form of Dedekind’s defini¬ 
tion “ Suppose that n classification of the Rational Numbers has the following 
properties — 

(1) If a belongs to the lower class, so docs c\crj rational nnmber less than n 

(2) Tf A belongs to the upper class, so docs <\cry rational number greater 
than A, 

(1) every number a ir less than eve ry number \ , 

(41 numbers A, a can bo found in the two classes aw h that \-n is less than 
an arbitrary rational fraction 

Such a classification defines n single number, rational or irrational For any 
ratiounl number V winch docs not belong to cither class must he between tho two 
classes Consequently not more than one rotionni number can escape classification 
If there is one such number, the classification may be regarded as defining that 
number, but if there is no rational number which escapes classification we hate 
obtained a Dcdekind section and have therefore defined an irrational number” 1 

The dc fimtion of the section nnd the axiom in regard to irrational numbers 
must lead to the Theorem of Continuity of the Real Numbers, that is, if the 
section is applied to Real Numbers, one nnd only one real number should exist 
which is oither the greatest in the lower class or the least in the upper It is this 
theorem which is applied in Analysis Bromwich has not utilised his modification 
to establish this Theorem His section of Rational Numbers allows the possibility 
of one Rational Number escaping classification Hence his section also could 
not be npphed to the problems that nnso in Analysis 

Definition of thf Sj-otiov of Rationat Nfhbprs ami Axiom of 

(Vmivtrm 

Hie following treatment of Dedekind’s Theory (which in essence is the same 
as Dedekind’s) is given, in which only two conditions are used to establish the set 
of Real Numbers, ‘order’ it, nnd to prove the Theorem of Continuity of Real Numbers 

(C=contained in) 
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Given any arrangement by which the sot of Rational Numbers (r), (G t Sr5 Gj), 
u divided into two classes (in the sense, not more nor less), (ri) md (r f ) such that 
every r t C (ri) < every rj C (r*), then cither 

(1) there exists a (in the, sense, one and only one) Rational Number Ru 
each that 

(») r t SR„ < r , 
or (it) ri < Ri» Sn 

or (2) no such rntionnl exists, in which case wo introdaco the Irrational number R'| 3 
such tluit (Axiom of Continuity) 

r 1 <R'/t<i f 

The numbers Ri i and R'n together form the set of Real Numbers 7i or («) 
The following Theorems are easily deduciblc — 

(1) The set R is ‘ordered’ 

(2) (Dcdckiud’s Theorem of Continuity) Any separation Qf if into two classes 
(xj) and (x§) such that every x t <x t , produces no discontinuity, i e one and only 
one Renl Number Xi t exists by which this separation is produced, such that it is 
either the greatest of the lower class or the least of the upper The advantages of 
this method consist— 

(1) in that the number of conditions is reduced to only two, 

(2) (and perhaps alsq) m the simple manner in which the definition of the 
section nnd the axiom are stated hero 


Refer cures 


1 Bromwich 

2 Dedckiml 
* Do 


(1920) Introduction to the Theory of Infinite Strife, 406 

(1900) Ettaye on the Theory of Numktre (Authorised Vranelalion) 12 


4. 

5 

6 
7 
& 
0 
10 


Hardy 

(1914) 

A Courtt of Pure itathemahee, 11 

Maha)ani 

(1034) 

Le mom in Elementary Analyne, 9 

Da 

» 

, 8 

Da 

T 

„ „ 19 

Do 

H 

* „ 20-21 

Do. 

tt 

„ „ 26—26 


Potman, de la Valee (1026) Court d’ Analyte Jnfimteetmale, 1 
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SUMMARY 

Konr new gpccica of aviun tnmntodwt belonging to the family IHplostomidae hare been 
deecrilxxl in Una pa]ier 


1 Posthodtplostovunn botaun ti sp (Fig 1) 

Host liotaurtis 8 tel laris, smull intestine. 

Locality Allahnbnd, U P, India 

Body 1 248-1446 in length Forebody flattened with foliate lateral margins 
slightly incurved ventrnlly, 0 72-0 092 long and 0 7-072 broad, hmdbody cylindrical, 
broad in the centre and narrow at the two ends, nearly half the length of forebody, 
measuring 0 48-0 57 x 0 256 0 386 in size Suckers feebly developed and sphcnca) 
Oral sucker terminal, 0 03-0 04 in diameter Acetabulum, 018 in diameter, 
situated close behind middle third of forebodj Holdfast organ 0128-0176 long, 
0224-0228 broad, elliptical in outline, and situated 0121 behind acetabulum 
Adhesive gland, composed of two ceHular masses, situated posterodorsal 
to holdfast organ Prcpharynx very short, 001 in length, pharynx, 003 0 045 
long and 0036-0046 broad Oesophagus fairly long, 0084-0102, intes¬ 
tinal eneca pass ventrnlly over gonads in lundbody and terminate a littlo in front of 
genital atnum 

Gonads m anterior two-tlurd part of hindbody Anterior testis a symmetrical 
and wedge-shuped, 0144-0176 long nnd 0192-024 broad, situuted in left half, 
posterior testis symmetrica), roughly horseshoe-shaped with the two limbs directed 
antenod, mepfnrmg 0156-032 in length and 0 096 in breadth Mehlis gland nnd 
vitelline reservoir intertcsticular Vesicnln seminahs feebly developed, slightly 
coded and situated posterodorsal to second testis Ovary 0064-0096 long and 0086- 
0128 broad, in nntenor quarter of lundbody, usually n little nearer left than right 
Uterus extends forwards to near body coustnction, the narrow terminal portion 
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of the descending limb along with distal part of the ejaculatory duct, opens at 
the apex of the genital cone Bursa copulatiix prominent 01 lb-015 long and 
0^3-0 30 broad, more or leBS cup-shnped but incomplete ventrnlly, enclosing the 



Fig 1 

Posihodtplostomum botaun n sp 

Ao*t , Acetabulum, Aeh sU adhesive gland, b cop, Bursa copulatnx Dtj, Ductus 
(ifcteulatorius , Bj,p , Ejaculatory pouch , 0 a Glandular urea 0 ( Genital cone, Op, Ociutal 
pore, Bf Holdfast organ, lot , Intestinal caecum OS Oral stulur, Ot», Oesophagus, 
Op, Ovary, t'h , Phar>nx, Tc»t, Testis, I It, Uterus, V icm, Vtweuln seimnalis VU, 
VltcUarla, VU r*a,Vitelline reservoir 
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centrally situated genital cone of 0116 x 006 size Vitellarift (olhoaInr f extcodug 
anteriorly to nboat midwny between acetabulum and intestinal fork nnd posteriorly 
to sub-caudal region, follicles sparsely distributed in hindbody Ova yellowish 
opcrculnte nnd 0 08 x 0 064 in size, t.e , n little smaller than ovary 

Remarls —The present species differs from P grande (Dicsing 1860) Dubois 
15)36, P tmpj aeputmtum Dubois 1934, nnd P mtetaneya Dubois 1930 in sue of 
the body, mtio in the length of fore nnd hind parts, and in the form size nnd position 
of the gonads It is separated from P tmmnunn (MncCallum, 1931) Dubois 
15 )36, on account of the large size of the body and the suckers, nnd the topography 
of the genital organs Ihc spocus, Nmhplostomum onhtlongtm Noble 1936, is 
assigned to the genus Posfhothplosiomwu Dubois on account of the presence of a 
prominent bursa copulatnx—n feature which nlone distinguishes it from the closely 
allied genus Neodtploslomnm r ihe new species P ItoUtuu u sp stands closest to 
P attmila (v Nordnmnn) nnd P o> ehtlongttm (Noble, 1986) on ncconnt of the 
form and size of the bod}, location of the acetabulum, and position of the gonads 
It, however, differs from them m the position and shape of the testes, extent and 
concentration of the vitelline follicles and size of the ovn 

2 Neodtplostomum mehiomum n sp (Fig 2) 

Host Haltacetus leucoryphus, small intestine. 

Locality Allahabad, U P , India. 

Bod}, 5-6 long, distinctly marked off into fore and hind parts and armed with 
minute backwnrdly directed spines from anterior end to the level or the ovary 
Forebody 24-2 9 long, 1253-25 broad, pynform with lateral margins in-rolled 
ventraliy and united behind holdfast organ Hindbody club-shaped, 2 28-2 97 long 
with maximum width of 123-134 across the sub-caudnl region nnd shortest width 
of 0 48-0 8 just in front of ovary 

Suckers feebly developed. Oral sucker terminal, broader than long and 0 05* 
007 x 009-011 in size Acetabulum spherical, 0 1-011 in diameter nnd situated a 
little in front of middle of forebody Holdfast organ prommeut, highly protrusible, 
elliptical m outline and a little more than one-third as long as forebody, measuring 
08-0867 x 056-073 m size Adhesive gland situated posterodonal to holdfast 
orgnn Prephnrynx extremely small, 0034 long, visible in sections only Pharynx 
oval, elongated, 0 072-0116 x 007-011 Oesophagus 0016-0 02 long, caeca simple, 
ending blindly with swollen ends a little in frout of gcnitnl |>ore 

Testes tandem, postovarian, transversely elongated and slightly constricted 
in the middle, with their ends bent vcntmll}, measuring 035-0*48 X 0835-0 98 in 
size Vesicnla scminalis feebly developed, post-testicular Genital pore median 
and dorsal, near posterior end of body Ovary transversely ovoid, situated a Uttle 
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behind body constriction, measuring 0 2-0 35 long and 0 410-0 596 broad Ootype 
complex mtertesticular Vitellaria profuse in both body regions, extending from 
midway between acetabulum and pharynx to genital pore, vitelline follicles small and 


3 

3 


Fig 2 

Neodtplosiomum mehrautum n sp Lettering same as m Fig 1 



spherical in front of and lntemll> to holdf ist organ but those o\ erlapping the latter 
are large, massive, transversely elongated and arranged parallel to one another. 
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Vitelline follicles in bmdbody disposed in two broad longitudinal areas, one on 
each side of uterus Uterus well developed, extending anteriorly to body constric¬ 
tion Eggs oval, yellowish, thin-shelled and operculnte, 00334-005 x 0*084 in size. 

Remat ks — The new species differs from N epal/mlaeforme (Brandes, 1891) 
Railhet 1019, and N spathula (Creplin, 1829) La Rue 1926, in possessing a holdfast 
organ without pnpiliated internal margin In the peculiar shape and large size of the 
body and presence of a singularly stnnll acetabulum it differs from N kashmtrtanum 
Faust 1927 N cochleare (Krause, 1915) La Rue 1926, N attenuaium (v Linstow, 
1906) La Rue 1926, N ptuudoaitenmlum (Dubois, 1927) Yrfmnguti 1934, N perlatum 
Ciurea 1929, N lactdum La Rue and Bosom 1927, N hutaefurtnum (Tubangni, 
1932) Dubois 1936, and A r tyiense Pntwnrdban 1935 It is separated from N alucomt 
Tubangui 1933, on account of the much smaller size of the body, difference in the 
ratio in length of fore and hind pnrts and from N psntdospalhtda (Brandes, 1890) 
t’mrea 1928, mid N pat aspnthnla Noble 1936, in the form and stzo of the body, 
distribution of the vitelline follicles, presence of the cuttcular spines and larger 
size of the gonads The account of the two Russian species, N ftmgtlotdes 
Semeuow 1927, and N mot chellotdes Semenow 1927, is not available to me 


3 Neodtplostomum lat tin n. ep (Fig J) 

Host Sat cogype calms, small intestine 
Locality Allahabad, TJ P, India 

Body 2 528-3 79 long and distinctly divided into fore and hind parts Cuticle 
armed with very minute spines from anterior end to the level of the acetabulum. 
Forebody flnttcued with lateral margins mrolled ventral ly and united behind hold¬ 
fast organ, measuring 1056-2 064 in length and 104-1712 in width Htndbody 
cylindrical, nearly as long ns forebody, measuring 1312-1 712 x 0*8 in size. In some 
abnormal specimens the forebody has 1—12 small, sphencnl, glandular areas of 
008-0192 diameter, which lie in dense mass of vitelline follicles, holdfast organ, or 
on the foliate lateral margins. Oral sucker sphencnl, termuial and 0 08 m diameter 
Acetabulum transversely oval, partly covered with vitelline follicles, 0*08-0092 in 
length, 0 096-0144 m width and situated medially at the end of antenor-third of fore¬ 
body Pharynx barrel-shaped, 0096-0128 x 0064-00% in size. Oesophagus 005-0 08 
long , intestinal caeca simple terminating with swollen ends a little in front of genital 
pore. Holdfast organ elongate oval, 0 448-0 8 x 0 32-0 59 in size and situated 018 
behind acetabulum 

Testes tandem, immediately post-ovarian Anterior testis somewhat wedge- 
shaped, 032-0368x0 544-0912 in size, posterior testis more or less dnmb-bell- 
shaped,(?28tM) 416 x 0 544-0 M2 Vesicula aemiimhs 8-shaped, situated posterodorsal 
to holdfast organ Ovary sub-median, transversely elongated, 0*2-0*24 X0*352-0 6 
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m size and situated close behind body constriction Ootype complex intertosti- 
cnlnr Vitellam well developed, especially m forebody where the vitelline follicles 
are extensively distributed, extending to near midway between acetabulum and 
pharynx, in bindbody vitelline follicles occupy most of the space not otherwise 
occupied by the reproductive organs, reaching to near the genital pore Eggs 
yellow, thin-shelled and opcrculate measuring 0 096 x 0 048 in size 



Fig 8 


Neodiplostomum laruet n sp Lettering same as in Fig 1 
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Remarks —Of nil tho species N lame* n sp stands nearest to N tyUnse 
Patwardhan 1936, on account of the shape and size of the body, position of the 
acetabulum and the general topography of the genital organs It, however, differs 
from it in the extent of the vitcllana, shape and size of the holdfast organ, size 
of the gonads, position of the genital pore As Patwaidhan describes the 
species from only one immature specimen, the sise of the ova conld not be 
compared 


4 Crassiplnala erryh founts n sp (fig 4) 

Host Crryle radts lettromalanat a, small intestine. 

Locality Allahabad, U P, India 

Body 1 44-1648 m length and distinct!) divided into fore and hmd parts 
Forcbody short, urn-shaped, feebly musculnr, 032-0416 m length and 0270-082 in 
maximum width across holdfast organ Hindbody cylindrical, nearly three times 
as long as forcbody, measuring 112-1 232 m length and 0 272-0 32 m width Oral 
sucker small mid terminal, 00176-0025 long and 0024-0026 broad Acetabulum 
absent Holdfast organ intercaecal, elbptical or spherical m outline, 0090-0112 in 
diameter and situated a little behind equator of forebody Adhesive gland cells 
diffused around holdfast organ Pharynx longer than broad, 0021x0018-0023 
Oesophagus 0 039-0 016 long Intestinal caeca simple, extremely thin walled and 
narrow, passing laterally and dorsnlly to holdfast organ, curving ventrally in hindbody 
and extending along ventral body wall to posterior ninrgm of second testia 

Gonads in posterior two-third part of hindbody Testes tandem, postrovannn 
and mnssive Anterior testis kidney-shaped, 0176-0 224 long and 0 208 broad, 
posterior testis larger, broadly bilobnto and 0280-0 290x0192 in size Vesicula 
seminnhsl arge slightly coiled, situated behind second testis. Ejaculatory pouch 
prominent Ovary 0 064-0 08 x 0 08-0 088, oval to spherical in outline, situated 
nenrer right side and definitely dorsal in position Ascending uterus passes to left 
side of ovary, makes an abrupt loop ventrnlly to left side at about midway between 
ovary nnd body constriction and then bends to continue backwards as descending 
uterus along ventral body wall Genital cono present. Genital atnutn small, 
enclosing a musculnr genital bulb Genital pore terminal Vitellana profuse, 
exclusivel) confined to hindbody, extending from body constriction to half the length 
of ejaculatory pouch and especially concentrated m cxtracaccal areas. Ova yellow¬ 
ish, operculatc 0 04-0 08 in size 

Remarks —The new species differs from Crasstphtaia denUculata (Rudolph!, 
1819) Dubois 1932, C gractlts (Yamaguti, 1934) Dubois 1934, nnd C cocJdeartformts 
(Ynmaguti, 1984) Dubois 1934, in smaller size of the body and the oral suoker, 
absence of the acetabulum, more forward position of the gonads, smaller size of the 
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ova, and in the antenor limit of the vitellaria bat in the latter ehanoter from the 
first two species only. It is separated from C amblopltiu (Hughes, 1027) Hunter 
1933, on account of the smaller size of the body, absence of the‘ neck region ; and 
acetabulum and the smaller Ruse of the ova. C. eeryhformxs n. sp. stands closest to 
C bnVtoglosm v Haitsma 1925, on account of the absence of the acetabulum position 
of the gonads m the posterior two-third part of the hindbody and the extent of the 
vitellnna, but differs m the form of the body, difference in the ratio m the length of 
fore and hind parts and larger size of oral sucker, pharynx and ova 

I am much indebted to Dr H. R. Mehra for his valuable help and guidance 
and to Dr D R Tllinttneharja for laboratory facilities in the department 
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SUMMARY 

In this paper, the Differential Equations 
Mid 5*f + ft - 

have been sohed In case of the second equation the different cases arising by taking different signs 
of p and q have been dealt *ith at length and the com*]ending pnmiti\c in each case is given 
separately 

1 There are two types of differential equations, namely, 

(1) ^[+y-cVy=0 

and (2) ^$4# — 4P , c , x , c 2,, * y*0 

where c and p are constants, which may have wide application in Theoretical Physics 
Equations of the type 

- e*x n y wO 

have been solved by A R. Forsyth and others by means of Definite Integral method 
We may now generalise the method and obtain the solutions for the equations given 
above It fs believed that the solutions of the equations of these types have not 
been obtained before, 

2, Let us take the equation 



To solve this, let us assume 

y^Je^Pdp, 

where t denotes an unknown function of x alone and P an unknown function of p 
alone, both of these functions and the limits of integration have to be determined 
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Difieruitiutintf the value of 1 / twico with respect to x and substituting in the 
equation, we bud 

[ - p< P [p* (^)* + 1-cV] dp- }t- p * P p fjr dp—0 (1) 

Choose the unknown function t such that 




This gi\ es 


/ = jT~ ®* n+1 = - x m , where 
i/i + 1 /« 


X u( 

Ihc equation (2), after multiplying by aud substituting the \alaes of ^ and 

dU ». 

becomes 

m [e-** P + ^ Jt-^Pdp-(wi-l) Je-P*Pprfp=0 (2) 

Intcgmtiug the first term in (2) bj ports mid rearrangiug the terms we get 

- hiP (p*-l) J + Je"^ \ m Tp {** CP*—1) } + P-(»«-l)PpJdp=0 (3) 

The equation (3) will be identically satisfied if we put 

dp [ P ( /' ,-1) ] + fu Pp=b • W> 

foi all values of p included between the limits of integration given by 

[e'P< P(p*-1)]=0 (5) 

On slight leduction (4) becomes 


_ _ J_ I »t+ 1 ip j* i I . 
in L - p*-i Iml p*—ij*^ 


.Solving the above et|uatiou we get 


iw+l (mf 1 *• \ 

- v (p-i) t -* /(p+d“ \ ”**■*!» 


(p+1) 


A, being an arbitrary coustaut and (5) on substitution becomes 

_ i w , f m + 1 , g 1 1 t _ I m +1 g* \ A 

e w 1 (p-ir 1 2 in 2m i t f (p-rh 1 l 2i/i 2nt i i f °* 
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which on solviug Hive# three roots, namely, 

p= oo, p=l and p — 

provided 

w+1 


-1 


and 


1- 


i-^+ 


x - 

2,1?t >0 

* 

(6) 

-1 

■2^7 >0 


(7) 


On simplification (b) and (7) become respectively 


JL 

no 


and 


s*"' 1 

__ _ 2 ’ 


ut 

But if n and c are both positive and 

contained in the former 


Now the solution 

the equation will be 


(p-iy* ( P +i) r dp+B, 

where 


x= 2g«i” +1 ( 

A «+2 

-1 

( ,,+4+ fx 1 -**} 

* m 2(m+ 2) 

v- _1 l 

r . 2 1-1# U 

n+i - x > 

l C J » 

v ~ 2(n+2) 1 


u y c and x being positive and these three quantities tire connected by tho relation 

1 »- 1 ^ 2 

x > 

HI 

it We shall now take the equation 

~£*+y-4pVx*c W 0 

To solve this, let us assume as before 
y= je **Pdp, 

where t denotes an uukuown function of x alone and P nn unknown function of 
p alone, both of these functions and the limits of integration have to be determined. 
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Differentiating 9 twice and substituting in the equation, we get 

fe *P[f»*(j|f) +l“4p , c t x i e 2 ft **]dp- fe P *Pp~^dp =0 
Choose the function t such that 




This gives 


£t = Wee*'(l+ 2 fz') 

Substituting the values of and in ( 8 ) it becomes 

K'W - lw " + /^v e ‘ P ' lv "- f—i -’" P * , '' ,=0 

Integrating the first term in (9), we get 


-[•-"r<„•-!)] + J.-" ' [?(,•-»] 4.+/-^ 




""/iflc** ^ 1 + 2 P 3 ‘ , ) e ^Pptdp^O . 


The equation ( 10 ) will be identically satisfied if 
/ r l - 20* 1 — p 0 a 

i i p v- 1 *] + Vw Pi - Spy (1+2 »* ,) p " , = 0 • • «» 

for all values of p included between the limits of integration given by 

[«'* P(p*- 1 )] =0 ( 12 ) 

On slight reduction (11) becomes 

t = [jfe { 1 iH* L ” 1 }"lp^ ^r] rfp 

Solving the above equation we have 

11-20** e - **’ l f 1-20** , a*** \ 

"80^ t / \ T 0 ? + 80^ f J 

P*A(p-l) (p+1) -0, * (18) 
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where A u to arbitrary constant On substituting the value of P m (12) we get 


fl+2fte* 1 I 1 + 2P** e~** ) 

4 t l~W'“ 8 p»«s«f / .,J 4P*» + 8 P*^/ 


(p~ 1 ) 


(p + 1 ) 


“0 . 


(13) 


Cate A .—Taking p and c both positive, the equation (13) gives the following 
roots as limits 



(a) 

7>=°°, 

p= 1 and 

pS3 

if 


(l+2pz*) > ^ 



(b) 

p = OO 

find p = 

-1. 

if 


U+20r*) = 



(c) 

P = °®, 

p = — oo 

and 

if 


(1+2Px*X c - 2 -^ 



Owe B —Taking P positive and c negative, (say) equal to -» where a is positive, 
the equation (13) gives the following limits — 



(«) 

pa — oo, P=1 Jind p» —1, 

it 


(1+20*-) > v£ : 


(6) 

pa —oo R ud p—1, 

if 


(1+2P*’)-. Vpa 


(<•) 

pa — oo, pal and p— oo, 

if 


. r** 

i+sp,- < - sF - 


Case 0—Taking p iiogntuc and equal to -A, where h is positive 
and e positive, (IS) gives the following limits — 
in) psoo, pw —oo nnd p= —1, 
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(A) p**°° and p«“ —oo, 
lf 2^ * (1—2Ax*). 

Cm I) —Taking p negative, (saj) equal to ~ft, where ft le positive nnd r 
negative, (sn>) equal to — o, whore *i is positive, the equation (13) gives the following 
limits — 




(a) p=s — oo t p = l nnd p‘ 
to* 

S - 

(A) p=s — oo nnd p=°o, 

s’ s (i - 2te,) 

Now the primitives in the different cases nre gn en ns follows — 
(\ise A —p and c are positive 

(a) When (1+2P**)> ** , 


-1 


e PM (p- 1 ) 


l 4p* r_ 8p 


1 


+ B, f 

J 

(A) When (l+2p**)* 

2pc 

w=a, f £Hf* (p+i) 2 **‘ 

* - 1 v~^- rfp 

The other integral does not exist 

(<•) When (l + 2p*») < 



) 

j 1 “ 26** + \ 

8 p 1 c* r 

Mp + 1 ) 

[ 4P^ + 8 p*«r» ) (lp 

i 

8 p l csr l j 

(P +1) ^ 

1 -2P**, e~ px ' \ 

4p** Spiftr* J 


no convergent integral is obtained. In the integral whose limits are 
—oo and — 1 , the integrand diverges very rapidly ns p approaches —oo In the 
second integral whose limits are —1 nnd p—i, is within the range of 
integration and the power of (p— 1 ) m the integrand is negative and numerically 
greater than unity 
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Om B —0 is positive and e is negative {»—a) 

(ff> When (1 +20**) > , 

2pa 





11-20** 

e- fi*’ I 

y- Ai 

\ r* V» l 8 " , “' , o>+i> 

”1 

t 40x* 

80^o**J 

(fp 

+ Bj j 

. n-20*‘. b-** 1 i 

P°**'(» ii l 4 P** + 8P»n**/ l 

v (P— 1) (p-fl) 

1-20* 1 _ 

4036* 

B-* \ 

80*o** I , 

dp 


“ oo 


(6) when 

(1+2 p ** )= e ~i 


V =A ' (, v 

The other integral does not exist 
(c) When 


(1 + 20 **) < 



both the integrals do not exist 

Oases C and D — When 0 is negative, 
to be divergent 


primitives in both the cases are found 
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SUMMARY 

An attempt has been made in this paper to furnish an up-to-date list of the helminth parasites of 
domesticated animals of Burma Important and controversial points in tho structures and lifc- 
histones of some of these parasites have also been dealt with 

Introduction 

Not much is known about the worms parasitising domesticated animals 
w Burma The wide variety of helminths and the importance of the annual loss 
caused by their presence has attracted very little attention Apart from the sporadic 
mention of one or the other form of parasite by a few veterinary workers, until 
very recently the subject was totally neglected The first investigation was made 
by Evans and Rennie (1908,1909), who published two papers Du * Notes on some 
parasites m Burma, * which embodied tho accouuts of the common nmphistomes 
of cattle and elephants and two other trematodes— Kurytrema pancreaUtum from 
cattle and Ihuctoia jackaom from elephant—and m which no mention was made of 
the Ceetoda and Nematoda. Subsequently Gaiger (1910,1915), in his two check¬ 
lists of the parasites of domesticated animals of India, mentioned a few common 
forma present in Burma. No attempt at systematic study was made till 1922 when 
Prof Meggitt, as Professor of Biology in the University of Rangoon, with the 
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collaboration of his staff and others, began a comprehensive survey of the helminth 
fauna and the problems connected with it.* 

The heavy toll that parasitism takes annually from the domesticated animals 
m Burma in the form of loss of life is alarming, but its baneful influence on the 
remaining stock can hardly be ignored by the helminthologist Thousands of such 
animals labour under a continuous inefficiency due to parasitism, though they may 
not actually die as its result Diseased stock can hardly be expected to procreate 
healthy offspring and hence this original inefficiency is, in most cases, perpetuated 
or accentuated from generation to generation, seriously lessening the output It 
should always be borne in mind that helminths are specially injurious to young 
stock, stunting their growth and reducing their vitality Timely diagnosis and 
regular treatment when combined will go a long way towards nvoiding heavy financial 
1 oes o a. If the damage done by helminths oould be expressed in money values the 
pressing need for their eradication would be recognised immediately as urgent for 
the economic welfare of mankind in general It is with a view to furnish an up-to- 
date list of the helminth parasites of domesticated animals of Burma and with the 
object of dealing with important and controversial points in the structures and 
life-histones of some of these parasites that the present work is undertaken The 
material has been chiefly obtained from the slaughter-houses of Rangoon and the 
near vicinity Animals have also been dissected from time to time in the laboratory 
of the Institute and worms collected It is much regretted that, owing to lack of 
material, in the present account very little on equine parasites can be reported. The 
animals chiefly studied have been elephant ( Elephas tnaximasf), cattle ( Bos tndteu *), 
goat {Chpra ktreus), sheep (Om ones), pig (Sus c/istatus), dog (Cants famtharts), cat 
(Felts coins), fowl ( Oalius gating ), duck (Anas boschas domesttea) and pigeon (Columba 
lima domesttea) In the prosent and the subsequent lists the following terms are used 
with reference to the occurrence of the parasites with respect to their hosts rare to 
mean approximately 1%, occasional 10%, frequent 25%, common 50%, and usual 80% 

Systematic! 

Class TREMATODA Rudolphi 1808 
Order Digen en, v Beneden 1858 

Suborder Prosostomata Odhner 1906 
Family Fosciolidae Railliet 1895. 

Subfamily Fasciolinm Stiles and Hassoll 1898. 

Fasciola Ltansaas 1758. 

Fasciola hepaitea Linnteaa 1758.$ 

* Very reoentiy when the present work wee In progr e ss Bhsttschstya (1037) published two 
ehaok-usts, ooo on Trcmatoda ana Gestods sad the other on Nematode, 

+ The names adopted for the host* are those gwen in * List of Vsrtsbratsd Animals,' Vol, 1 
Zoological Society of London, Centenary Edition 

$ Net found by author 
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Host Sheep, goat 
Location Liver and bile-ducts 

This species is reported by vanons authors (Neumann 1906, Evans and Bennie 
1906, Bhattacharjeo 1937) from the bile-ducts of sheep and goat, but no ease has 
been observed either by Bhalerao (1924,140) or by workers m the university 

Fasciola gigantxca Cobbold 1886. 

Host Cattle, buffalo 
Location Liver and bilc-ducts 

Common Recorded by several authors from Burma 



Fig 1 

Fawiola jacksom (Dorsal view) 
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Fasciola jaeksom Cobbold 1869 

Host Elephant 

Location Liver, bile-ducts and dnodenum 

In previous descriptions no mention w made of the ‘ cephalic cone * 
and the ‘ shoulder ’ that are couspiouoiis in the present forms collected in Burma. 
As the usual figure given in helminthology books is that of Cobbold (1882, 
pi 24, fig 12) which docs not show these structures, an original figure is appended 
Reported by various authors from Burma 

Subfamily Fnsciolopsinne Odhuer 1910 
Fasctolopsts Looss 1899 
Fasctolopsts busks (Lankcstcr 1867) 

Host Pig 

Location Intestine 

Inflection is approximately 2-8% in healthy pigs and 5—7% in emaciated ones. 
As it is the large intestinal fluke of man and the pig in Central and South China, 
Formosa, Toukm, Assam and Bengal, the presence of these worms m Burma 
suggest that there is a continuous belt from Formosa to Bengal Its occurrence in 
mAn in Rangoon requires investigation Source of infection usually the water 
chestnut (Irapn nutans , T btsptnosa the latter being abundant in Burma), on the 
leaves and nuts of which the cercanae usually euc>st Recorded previously by 
Bhnlerao (1924,140,1926, 292) 

Family Dicrocoeludae Odhuer 1910 
Subfamily Dicrocoelnnae Looss 1899 
Eurytrrma Looss 1907 
Eurytrema panneatu'um (Jansou 1889) 

Host Cattle. 

Location Pancreatic and bile-ducts. 

Usual, but according to Evans and Rennie only common Rosy red to brick 
red in oolour when alive Size variable, depending on degrees of maturity and 
extension and contraction of body during fixation Length of mature specimens 
3—16 mm., maximum breadth 0 528—8 5 mm Body thick and provided with spines, 
which are often lost in adults Suckers large; oral larger, equal to, or smaller than 
ventral Posterior end of cirrus sac slightly anterior or posterior to the anterior 
margin of ventral sucker 

Bhalerao (1936,163-180) maintains the epeoifio identity of £>' dajtt despite the 
contention of Parvis (1931, 583-584) that it is synonymous with E pancreatscum 
The three important characters on which E daftt is based are the possession of 
enticular scales, a ventral sucker larger than the oral, and the failure of the cirrus 
Sac to reach anterior margin of the ventral sucker Another character, of but slight 
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importance in systematic classification bat considered important by Bhalerao, is the 
absence of the opening of Laurer’s canal in E dajtt and its presence in E panel ealtcum 
Apart from the existence of a pore it is often difficult to find the canal itself In 
some of the larger specimens I could see something like an opening at the end of the 
laurer’s canal, but whether it be a true opening I hesitate to say definitely With 
regard to the other points of difference, that Bhalerao himself does not consider the 
relative sue of ventral and oral suckers as valid character seems obvious from Ins 
recent statements on E pancreattcum from Hyderabad and Bengal respectively 
In the larger specimens from Hyderabad he mentions that the oral Bucker was 
distinctly larger titan the ventral, whereas in the material from Bengal the ventml 
sucker was larger than the oral It seems then that in E pancreattcum the ventral 
sucker may be either equal to, or smaller or larger, than the oral and therefore E 
dajtt cannot be regarded ns distinct by reason of its ventral sucker being larger 
than its oral To this attention was drawn by Evans and Rennie as early as 1908 
(pp 20) wherein they mention a ventrnl sucker “ usually larger than that of 
the anterior bik ker, but m a number of specimens the reverse is to bo seen " The 
extent of the eimis sac m Eurytrema is also not nn important character, ns could 
be seen from the great variation in sue in the specimens collected in Rangoon it 
varies with the amount of contraction and expansion ol the body and tho technique 
employed during fixation 'lhe presence or absence of cuticular scales or spines in 
Ew ytrema also does not appear to be of any importance to the author, since in a 
large variety of trematodes it is known, that though they may be present in jounger 
forms, they are shed in the fully grown specimens Their absence is also known in 
case of mntennl that has been preserved for a long time, and whose identity is 
undoubted Therefore, the author feels that there is no justification in maintaining 
E dajtt as distinct from E panel eaticwn Reported by several authors from 
Burma. 


Family Lcpodcrrantidne Lulte 1901 
Subfamily Prosthogommuiae Lube 1909 
Prwthogommus Luhe 1899 
lYost/iogommitfi 8p 

Host Fowl 

Location Egg 

Recently a specimen has been obtained by Mr S Singh of Mandalay Agricul¬ 
ture College from the egg of a Rhode Island Red hen belonging to the Agricultural 
Farm The specimen had been kept long m saline before Singh’s attention was 
drawn towards it and a part of it near anterior region had been damaged. The 
specimen definitely belongs to the genus Pronthogontmu *, but in view of the damaged 
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condition of the specimen it ii not possible to assign It to any of tbo dwe ril n d 
species. 


Family Echinostomidae Diets 1900 
Subfamily Echinoatommae Odhner 1910 
Bkhmoatoma Budolphi 1809 
Kchtnostoma rerolutum (Frolioh 1802) 

Host Duck 

Location Caeca and rectum. 

First record of this parasite from Burma. Eighteen oat of fortyseveu ducks 
examined were infected with this pansite, the number ranging usually from 3—8, 
rarely less or more, but never exceeding more than 14. Specimens from caeca are 
larger and hence older than those from rectum A large number of new species 
(definitely eleven and eight questionable) has been created which differ from the 
present one mninly in the Arrangement of oollnr-spinea and slight variation in the 
topography of the organs siiecially the extension of the cirrus sac with respect to ventral 
sucker Though the hosts in many cases are different, in all probability these new 
species are synon) mous with the present form Thera is a wide range of hosts and a 
great variation in body dimensions. Length 10 —'ll mm and the cirrus sac in some 
esses extends slightly posterior to anterior margin of the ventral sucker 

Subfamily Himaatkltnae Odhner 1910 
l'toyphoatomuvi Diets 1909 
Pat ypkonlomum mfrartyfez (Lane 1910) 

Host Pig 

Location Intestine. 

Common The parasite is < hiefly reported from pigs of Assam and Buraia 
but a ense of humnn infection is also re|>orted from Assam Whether men in Burma 
are susceptible to infection by this parasite is a problem of public health importance. 

Bhnlerao ( 1924,143—146) described as IteUfrondosa cnatata, from pigs of 
Rangoon, some trematode parasites, which in all essential characters resemble 
Paryphcmiomum mfrartyfer (Lane 1915), the chief differences in the two forms 
being the presence of a receptaculum seminis and the absence of a * head-collar * in 
the former No importance can be attached to the shape of the excretory vesicle, 
which he described as a pear-shaped organ instead of Y-shaped In mature and 
fixed specimens the two limbs of the Y appear in conspicuous, due to the profuse 
development of vitellana in their vicinity, and unless very carefully examined the 
excretory bladder appears pear-shaped. The mention of a receptaculum seminis in 
the description of T cnetata and its absence from the figure is an enigma The only 
important difference left is the absence of a * head-collar’ in T ontkUa, an oversight 
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probably due to the limited number of parasites available to Bhalerao and the 
retracted nature of the oollar in most of the specimens he studied, it is difficult to 
see the oollar when it is retracted and the anterior end of the body is curved ventral- 
ly» and nlso to distinguish between it and the body spines, both of which are so 
well developed In this connection Bhalerao (1931, 476) m his description of 
Paryphostomum aufrartyfer , referring to certain specimen* states * that it waa 
difficult to make out any spines on the collar' and this was probably what hod 
happened with the majority of the specimens of T ci istata he examined The writer 
has fonnd many specimens where the anterior tip of the body curves ventrally so 
that the pharynx comes to lie at the anterior extremity and the oral sucker 
occupies the position of the pharynx, where some of the collar spines arc lost and 
others towards the body margin look like tho well-developed body spines and whero 
the collar, which normally looks so conspicuous from the ventral surface, is obliterated 
due to the apposition of the dorsal surface of the anterior extremity of tho body to 
tbe ventral Many times specimens have been obtained from pigs of Rangoon and 
in all cases careful examination showed what apparently looked like T ermtatn, was 
m reality P aufrat tyfex , commonly present in the pigs of Bengal and Assam A 
Single specimen, very much distorted, left by Bhalerao m the Helminthological 
Collection of the Rangoon University and some of the prepared slides which formed 
the basis of Bhalerao’s description, left in the collection of Dr G E Gates, revealed, 
on careful examination, the presence of collar and collnr-spincs There is thus no 
doubt but that Teattft ondoaa crmtntn of Bhalerao is synonymous with Pntyphoatomnm 
sufrariyfex ( Lnne 1915 ) 


Family Notocotylidae Ltitie 1909 
Cntatropis Odhner 1905 
Cnbihopis rermrom (Frohch 1789) 

Host Duck 

Location: Cocoa. 

First recoid of this parasite from Burma. Nine out of forty seven ducks 
examined were infected with this parasite, the number in each case obtained being 
usually 2—4 but rarely 1 or as many ns 12 The details of the life-history of this 
species is still very imperfectly known and it is doubtful whether Cei carta tmhrtcata 
Loose 1893 is the larval form of this trematode. Sxidat (1930 ) has studied the 
different larval stages passed through the bodies of the snail Planorbu ( Coretus) 
oorneus The miramdiaai develops into a aporocyst which gives rise to rediae The 
cercarioe have three eye-spots and on leaving the snail usually encyst on water plants 
or snails, etc., which when ingested by the final host develop into mature worms 
Within a abort tune after infection 
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Family Sohutosomidae Loon 1890. 

Subfamily Sehistosominae Stiles and Hauall 1898. 

Schistosoma Weinland 1898 
Schistosoma boms (Sonarao 1876) 

Host Cattle 

Location Mesenteric vein 

Fnuat (1921) regards Cn carta octadena, a pharyngeal brevifurcate diatoms 
corcana, as the larva of S. bovts whereas all other larvae of this family are apharyn- 
geal Recorded previously by Bhattachariee (1937). 

Family Paramphistomidae Fischoeder 1901 
Subfamily Paramphistominae Fischoeder 1901 
Parampkistomum Fischoeder 1901 

The species of this genus require revision The descriptions of Paramphtsto- 
tnurn mtcrooti Railliet 1924 and P btrmtmss Railliet 1924 are too inadequate for 
recognition while the opening of Laurcr’s canal as a specific distinction, though 
valid theoretically, leaves much to be desired from the practical standpoint of 
identification 


Parampkistomum btrmtense Railliet 1924* 

Host Cattle 

Location Bile-ducts 

Recorded by Evans and Rennie (1908 Amphistome No 3) and Railliet (1924) 

Parampkistomum art at (Zeder 1790) 

Host Cattle, goat 

Location Rumen, bile-ducts. 

Usual Rao and Ayyar (1932, 402—405) claim to have found cercanae of P 
cci n from Jntioplanorbts erustus which are identical with Cercanae tndteae xxvi 
Sewell 1922 These cercanae when fed to a calf developed to P cent, but the 
writer's careful examination of the forms obtained after expenmental feeding of the 
encysted cercanae of Cercanae tudteae xxvi Sewell 1022 to goats showed that what 
apparently looked like a Parampkistomum was in reality a Cotylophoron (See 
discussion under Cotylophoron cotylophorum ) Recorded previously by Evans and 
Ronnie (1908), Bhalerao (1924) and Bhattacharjee 1930,1937) 

Parampkistomum explanatum (Creplin 1849). 

Host Cattle, buffalo. 

Location Stomach 

First record qf this parasite from Bqrag, 
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fbrampfnstomum mtcroon Railliet 1924* 

Host Cattle, buffalo 
Location Caecum 

Beoorded b> Evans and Ecnme (1908 Amphistome No 2 ) and Railliet (1924) 

Puramphtstomum orthocochum Fiachoeder 1901 * 

Host Cattle 

Location Rumen 

Recorded by Gfaiger (1910,1915) 

Cotylophoron Stiles and Goldbcrger 1910 
Cotylophoron cotylophotum (Fiachoeder 1901) 

Host Cattle, buffalo, goat, sheep 
Location Rumen 

Common Opinions seem to differ as to the advisability of considering C 
tndtctm Stiles and Goldbcrger (1910) a distinct species from C cotylophorum 
Maples to no (1923, 151), Fukui (1929, 319), Travassos (1931, 37) and Ne\ eu-Lemaire 
(1937,138) consider O tndteum as a synonym of G cotylophorum whereas Stunkard 
(1925, 138), and Bennett (1936, 93) are inclined to cousider C tndteum as a 
distinct species Unless further evidence be produced it is the view of the writer 
that C tndteum is a synonym of C cotylophoninu 

In India and Burma chief intermediate host is Ituloplanorbis rxustns The 
cercarui can easily be distinguished from that of P cervt by its smaller size, shorter 

tail and particularly by the presence of evaguiations -one median near the middle 

of the body and a lateral pair immediately posterior to the eyes-arising from the 

excretory vessels The cercanae encyst on vegetation and the metacercana lives 
over three months On being swallowed by the final host the encysted cercanae are 
liberated in the intestine from where they afterwards migrate forward to rumen and 
retxcnlum where they grow into adults. Bennett (1936, 77—78) considers all the 
amphistome cercanae described by Sewell in the ‘Pigmentata* group different from 
those of C cotylophot um and he claims that this is the first description of the larval 
form The present wnter (1931, 177—170) conducted experiments on goats with 
cysts of Cercartae tndteae xxvi Sewell 1922 encysted on leaves. Unfortunately the 
hosts died before the worms could mature nnd the )Oung amphistomes so obtained 
resembled Firamphtstomnm m general appearance Study of stained specimens nnd 
serial sections of these young worms revealed, even at this early stage of development, 
the presenoe of a genital sucker — a character that chiefly differentiates a 
Cotylophoron from a Fen ampliutlomttm Whether these young worms are to develop 
into Cotylophoron ootylophorum or some other species of the genus I hesitate to say, 
but knowing that there is only one species of Cotylophoron reported from cattle 
and goats of India and Burma and that too in all probability Cotylophoron 
F 8 
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cotylophorvm the author feels convinced that Cercartae trufteae xxvl Sewell 
1922 is a larval form of Cotylophoron cotylophorttm and the minor differences 
pointed out by Bennett (1936, 77-78) such as the differences in size of sockets 
and oesophagus and the degree of development of genitalia are all variations 
found in the successive stages of development Recorded previously by 
Bh»ttachar)ee (1937) 

Snbfumtly Gastrothylaxume Stiles and Goldberger 1910 
Gastiothylar Poirier 1883. 

Gastrothylax ci nmemfer (Crcplin 1847) 

Host Cattle, buffalo, goat 

Location Rumen 

Deep clnrct when fresh. Length 9—18 mm, breadth 4—5 mm Recorded 
previously by Gaiger U915), Bhalerao (1926; and Bhattacharjoe (1937) 

Fturhopflenus Stiles and Goldberger 1910 
Fischoedenm ehngatm (Poirier 1883) 

Host Cattle 

Location Rumen 

Deep claret when fresh Length showing extreme variation, 6—20 nun., 
breadth smnller than Gaatrothylax crumenifer , 2-6 mm Rao and Ayyor (1932, 
405) consider Cei canoe tnduae xxix Sewell 1922, which are usually obtained from 
the snniU Ltmnaca acuminata ,, L succtnea and Qyraulm euphraticns to be the 
larval form of this parasite Recorded previously by Bhattacharjeo (1937) 

Subfamily Cladorchinae Fischocdcr 1901 
Paeudodtacus Sonsino 1895 
Pseudodtacua colhnsi (Cobbold 187*5) 

Host Elephant 

Location Large intestine 

Though this parasite is mainly reported from Equidae, in Burma it has only 
been recordod from the elephant Recorded previously by Bhalerao (1935) and 
Bhnttncharjee (1937) 


Hawlestus Stiles and Goldberger 1910 
Hawkestus hawkc&t (Cobbold 1875) 

Host Elephant 
Location Colon 

Recorded previously by several authors from Burma. 
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Pfendertus Stiles and Goldberger 1910 

Pfmdet'tiis paptllam (Cobbold 1882) 

Host Elephant 

Location Colon 

Recorded previously by Bhalerno (192b) and Bhattncharjeo (1937) 
Family Gastrodiscidne Stiles and Goldberger 1910 

Gastiodwcm Leuokurt 1877 

Gablrothscns vecundus Looss 1907 

Host Horse 

Location Large intestine 

Recorded by several authors fiom Burma. 

Grt'thodiscotde'i Lcipcr 1913 

(iasiiodiHcovlis honuins (Lewis and McConntl 187b) 

Host Pig 

Location Intistne 

First record of this parasite fiom Burma Infection is approximately 2-3% 
The parasite is also reported from caecum of man specially from Assam where it 
causes inflammation of the mucosa with attendant symptoms of diarrhoea No 
human case is yet reported from Burma but their presence in pigs appears to 
be of public health importance 

Homalogaster Poirier 1883 

Ilomalogaxtcr palomae Poirier 1883 

Host Cattle 

location Large intestine 

Reported by Evans and Rennie (1908,13—15), 1 case in 280, from uiltle brought 
from Mandalay to Maymyo The writer obtained more than 1000 from a single ox 
from Kumayut. 

I take the present opportunity of expressing my thanks to Mr & Claike 
Glo\er, M R.C V 8 for the gift of sj>ccimrns which lmve raatcrudl) assisted in the 
preparation of this paper and to Prof Meggitt for the invaluable help and assistance 
he unfailingly extends to me in my work My thanks aic also due to Dr G E 
Gates for the loan of specimens of Pmyphoatomum mfiartyfn lLane 1915), which 
formed the basis of Blmlerao's description of 1 estif* ondosn mstata 
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COMPOSITION OF PATENT STILL MOLASSES FUSEL 
OIL OF INDIAN ORIGIN, PART I 

By SlKHIBHCBAN DUTT 
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Received August 25,1038 
SUMMARY 

Indian molaasea fusel oil obtained from the Patent Still Distillery at lloaa, HhahjUianpur 
through the courteay of Messrs Carew A Co., was cxhanativdy examined and fractionally distilled 
hundreda of timea, whereby it was resolved into the following constituents — 

Ethyl alcohol, Taopropy] alcohol, n propyl alcohol, isobntyl alcohol n butyl alcohol, secondary 
butyl alcohol, iaoamyl alcohol, hexyl alcohol tnormnl), octyl alcohol (normal), furfural, acetal, 
ethyl laobutyrate, water and a aolul crystalline hydrocarbon f , 0 ll „o, M 1* 02 C 

There are alao tome basic constituents in the oil present in very minute quantities which 
could not be isolated in aufllncnt quantities for acpuration into ronatitiicnts But never the less 
they were found from qualitative examination to belong to the pyridiiio group of heterocyclic 
compounds fhe eryatallino hydrocarbon which had a characteristic odour having a distant renem 
blance to petitgrun oil has a single doable l»nd in the molecule as found from the lothno \nlue 
The compound appears to be ideutical with M«!m• dew.nbed in literature and which was previously 
obtained onfy from synthetic sources Its existence in molasses fusel oil is \ cry interesting 

Fusel oil obtained ns a high-boiling residue in the distillntion of spirit from 
various fermented liquors, c g>, grape juice, potato mush, umlt wort, diluted enne nnd 
beet molasses hnvo been investigated by a Inrgo number of workers, such ns 
Le Bel,* Rabutean,* Ordonneaii," Wmdtsh, 8 Dupre, 1 and others nnd amongst the 
substances obtained from the fusel oil nre ethyl alcohol, n-propyl alcohol, n-buty I 
alcohol, lsobuty 1 alcohol, tertiary butyl alcohol, n-amyI nleohol, tsonmyl alcohol, 
n-hexyl alcohol, n-hcptyl-alcohol, furftirul, esters of aliphatic at ids, pyridine bases 
and water Isopropyl alcohol was reported in potato fusel oil by Rabuteau, but 
was not confiruiod by later workers The principal alcohols obtained from cane 
molasses fusel oil are the isonmyl alcohol, butyl and isobuty I alcohols, and n-propyl 
alcohol Iso-propy) alcohol, obtained ui Inrgo proportions from this substance 
in the present investigation, therefore constitutes a marked departure from the 
results of previous workers Other substances that nre also being rc ported for the 
first time in cano molasses fusel oil are primnry octyl alcohol, acetal, ethyl isobuty rate 
and a hydrocarbon, “raelene" with a molecular formula CjoIIso The occurrence o! 
this hydrocarbon is exceedingly interesting This substauce has perhaps been formed 
from the waxes in the cane which were transmitted to the molasses and from there to 
the fusel oil after reduction during the fermentative process. Its presence in the 
fusel oil is accounted for doe to its volatility in the \ apours of the higher alcohols 
and also in steam under increased pressure 
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Molasses fusel oil also contains small quantities of organic acids And amongst 
them only acetic, butyric and oenanthio acids could be detected qnahtatively due to 
the minute proportion preseut Most of the alcohol fractions that have been isolated 
also contain aldehydes in very small proportions not exceeding 20 parts in 100,000 
They have also esters in traces mixed with them, the ester value varying between 
60 to 90 per 100,000 Furfural has been isolated in a pure state from molasses fusel 
oil which was not done by any previous worker N-octyl alcohol has been found to 
be present in molasses fusel oil in comparatively large proportions and has got a floral 
smell m high dilutions 

Experimental 

Molasses fusel oil, as obtained from the patent still of Messrs Carew & Co 
at Rosa (Shnjehunpur), was a light cream-coloured and slightly opalescent liquid 
possessing a peculiar characteristic odour The liquid had a specific gravity of 
0 9982 at 25*C, and was weekly acidic in reaction The substance was fractionally 
distilled in one litre lots with the help of two fractionating columns, one of Glinsky's 
pattern, 16 inches long and provided with five bulbs and four glass ball traps and the 
other of Young's pattern, 21 inches long and filled with bits of glass tubeB one 
centimeter long and three millimeter in external diameter A double surface glass 
condenser 18 inches long was used along jnth the distilling apparatus for the 
condensation of the various fractions The following table will indicate the results 
obtained 

Table I 

Batch I Total quantity token = one litre 


Fraction No 

Boiling range 

Quantity of distillate 

1 

76-80*0 

12 cc. 

2 

80-90*0 

100 cc. 

3 

90-95*0 

202 c.c 

4 

95-100*0 

34 c c. 

5 

100-105 C 

16 cc 

6 

105-110*0 

16 cc. 

7 

110-120*0 

24 cc. 

8 

120-126*0 

204 cc. 

0 

125-130*0 

328 cc 

10 Residue boiling above 130*C 

60 cc 

11 Experimental loss 


4 cc 


Total 1000 o c 

Fraction Nos 1, 2, 3, and 4 were united together, when the mixture separated 
into two layers, A and B They were separated and fractionated again 
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TabU II 

A Total quantity=248 c c 


Fraction No 

Boiling range 

Quantity 

1 

75-79‘C 

4 oc 

2 

80-84’C 

9 cc 

3 

85-89 C 

210 c c 

4 

90-94’C 

12 cc 

5 

95 100 C 

11 cc 

b 

Loss 

2 c c 


Total 

Taltle III 

B Total quantity= 100 c c 

248 c c 

Fraction No 

Boiling range 

Quantity 

1 

80-84'C 

11 cc 

2 

8 )-89 C 

2 cc 

3 

00-94*0 

2 c.c 

4 

95-100’C 

7t> cc. 

5 

101-104°C 

nil 

0 

105-109’C 

1 cc 

7 

110-119*C 

1 cc 

8 

120-126*0 

2 cc 

9 

126-131V 

4 cc 

10 

Loss 

1 cc 


Total 

100 co. 


A second lot of 1000 c c was similarly distilled nnd also a third lot of the same 
quantity The various fractions boiling at definite ranges were united together and 
refractioimted after dehydration where necessary, with the result given in table IV 
Altogether 52 fractionations were done for Batch No 1, although only 14 are 
recorded here 


Table IV 

Total quantity taken = 1000 c c 


Fraction No 

Boiling range 

Quantity 

Constituent 

1 

75-79‘C 

3 cc 

ethyl alcohol 

2 

80-82*C 

4 oc 

ethyl aloohol-tsopropyl 
alcohol mixture 

8 

83-87‘C 

231 c.c. 

isopropyl alcohol 

4 

90-95'C 

5 cc 

wopropyl-n-propyl al¬ 
cohol mixture. 
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Fraction No 

Boiling range 

Quantity 

Oonstitaent 

6 

96-98*C 

31 o c. 

u-propyl alcohol 

6 

99-100*C 

58 c.c 

water 

7 

101-105*0 

8 ex 

acetal 

8 

106-109*0 

14 co. 

isobutyl alcohol 

9 

110-112'C 

8 c.c. 

ethyl isobntyrate 

10 

116-119*0 

29 cc 

n-butyl alcohol 

11 

120-127*0 

8 cc. 

n-butyl-isoamyl- 

12 

128-131*0 

568 cc 

alcohol mixture 
isoamyl alcohol 

13 

Ultimate residue not 
boiling at 150*0 

22 c a 


14 

Loss 

10 c.c 



Total 

1000 c*c 



The ultimate residue on allowing to stand, deposited a crystalline mnss(l & gm) 
which on recrj stalllsation from boiling alcohol was obtained m the form of snow-white 
prismatic noodles melting at 62*C Elementary analysis pointed it out to be a 
hydrocarbon and determination of the unsaturation indicated the presence of one 
doublo bond in the molecule The substance had most of the properties of solid 
paraffin and burnt with a luminous flame emanating the odour of burning eandle 
Reference to literature indicated its identity with the hydrocarbon ‘melene* (Pound 
C, 85 42, II, 14 48, M W, by Rust’s camphor method, 418 CgoH„ 0 requires C, 
85 71, H, 142 9, M W.420) 

The mother liquor from the above crystalline mass was fractionated with n short 
column and separated into the following fractions — 

Table V 


Total quantity—18 c c 


Fraction No 

Boiling range 

Quantity of distillate 

Composition 

1 

155-158 0 

4 cc 

n-Hexyl alcohol 

2 

160-163*0 

2 c c 

Furfural 

3 

172-175*0 

3 co 

n-Heptyl alcohol 

4 

197-200*0 

8 5 c c 

n-Octyl alcohol 

5 

Loss 

05 cc 

Total . 18 co 



Most of the alcohols were identified by formation of the p-nitrobenzoio ester 
with p-rutro-benzoyl chloride or diiutro-benzoio ester with 3 5-dinitro-bensoio acid. 
In many cases they were identified by formation of the corresponding acid by 
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oxidation with potassium permanganate and preparation of the silver salt, amide or 
the anilide of the corresponding acid 

Two more batches of fusel oils wore fractionated in the same way ns given in 
the foregoing experiments for batch No 1, nnd nil the three sets of final results of 
fractional distillntion of patent still molasses fusel oil nru given in the following 
table (No VI) 


Table VI 


Nnrae of constituent 

Boiling 

range 

*C 

Correct 

BP 

°C 

M P of deri¬ 
vative 

*C 

Batch 

I(%) 

Batch 

n (%) 

Batch 
III (%) 

Eth j 1 alcohol 

77-79 

78 

+56 

12 

13 

12 

Isoprop) 1 alcohol 

83-86 

84 

♦62 

238 

158 

17 6 

n-Propyl alcohol 

90-98 

97 

♦73 

3*8 

2*3 

32 

Water 

99-100 

100 


62 

5*9 

57 

Acetal 

103-105 

104 


06 

18 

16 

Isobutyl alcohol 

108-108 

108 

*83 

18 

19 

18 

Ethyl-isobutymte 

109-111 

110 


0 7 

08 

07 

n-Butyl alcohol 

115-118 

no 

*64 

32 

64 

50 

Isoamyl alcohol 

128-131 

129 

Succinate 
(BP 297) 

57 4 

617 

609 

n-Hox> 1 alcohol 

155-158 

157 

*97 

03 

0 2 

02 

Furfural 

160-102 

161 

Phenylhydmzono 
(M P 95) 

02 

0 2 

01 

n-Hept) 1 alcohol 

173-175 

174 


03 

03 

02 

n-Octj 1 alcohol 

197-200 

199 

*123 

08 

11 

07 

Mcleuo 

M.P 62 

MP 62 


005 

0 08 

004 


The author takes this opportunity of expressing his best thanks to Messrs 
Cnrew & Co of Rosa (Shnhiehnnpur) for sending him several consignments of 
fusel oil 
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ON TWO NEW TREMATODES FROM INDIAN CYPRINOID FISHES 
WITH REMARKS ON THE QENCJS ALLOCREADlUii LOOSS 

By B P Pande 

Zoology Depabtrfst, (JHtVKRsrrY of Ar r ahabad 
Communicated By Dr H R. Mehra 
Received October 11,193d 

SUMMARY 

The author has described in this paper two new species of the genus AUoorgadium Loose — 
A »Mtothoraei$ and A mohaiiri 

To the three species of the genus AMomathum L'wss (1930), vi z,A handtat 
Pande (1937), A ntcolh Pande (LOSS), and A kosta Pande (1933), described by him 



Fig l 

Allocrmdtum scJmothoraas n sp, x 47 

Ae , acetabulum, C* , cirrus sac , 8, egg, Op , genital pore, le, Intestinal caecum, 0«e, 
(esophagus, Ot, oral sucker, Oc., ovary, Ph , pharynx, 8m., shell gland mass, 8r n seminal 
receptacle, T, testis, Vii, nteUsna, 

from some of fresh-water fishes, the author adds ia the present paper two more 

HO 
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species, A achtxolhoracts n sp and A mahasen n Bp A brief historical review of 
this genus has been given in one of tho previously published papers. 

Host Schxxothorax mteropogon Heck 

Habitat Btnull Intestine 

Locality Snnngnr (Kashmir) 

Description —These specimens were obtained by Dr HR. Mehra at Srinagar, 
to whom my best thanks arc due for giving me this material to study mid describe. 
Body oval or slightly elongated, small, with narrow anterior and broad posterior 
ends, 16-1 7* m length and 0 57-0 64 in breadth which is uniform behind acetabulum 
Oral sucker subternunnl, nearly rounded, 018x019 m size, prepharynx not 
observed, pharjnx 008-009 in diameter, oesophagus 01-014 m length, intestinal 
bifurcation at one-fourth of bod)-length from anterior extremity and close in front 
of the acetabulum, intestinal caeca terminate a short distance m front of the 
posterior end Acetabulum spherical, slightly larger than oral sucker, 02 in 
diameter Excretory pore Urnunnl. Genital pore median, cIobo in front of 
intestinal bifurcation Testes nearly spherical, equal in size, 018-0 2 in diameter, 
tandem or anterior testis may be slightly lateral in position, contiguous, m posterior 
half of body ucnr its middle, cirrus-sac with coiled vesicula seminahs in its basal 
half and n srnnll pass prostatica and a short ductus cjuculatonus surrounded by a 
few prostate glnud cells m the anterior portion, extending from the genital pore in a 
curve around the acetabulum to some distance beyond its anterior border but never 
reaching to its centre posteriorly Ovary median, just behind the acetabulum, near 
the tmddlo of the body-length, somewhat spherical, 014 x 015 m size, small 
rounded receptaculum ecminis posterolateral to o\ar) , shell-gland mass lateral to 
hiuder half of ovary, slightly anterior to rcceptaculum seminis on tbo other 
side of the median line, uterus mainly betweon anterior testis and acetabulum with a 
coil passing posteriorly beyond the anterior testis to anterior border of posterior 
testis, containing as many as twenty-five eggs, ripe eggs 0 077 in length and 0059 in 
breadth • vitelline follicles extend from the level of posterior end of acetabulum to 
posterior end of body, uniting behind the posterior testis 

Rental is —The size of tbo bod), sucker ratio, more posterior extent of (he 
uteruB in relation to the testes, comparatively larger size of the eggs in proportion to 
the body size and anterior extent of the vitellana distinguish the new species from 
the three other Alton eadtum species described by tho author from some of the 
fresh-water fishes. Among the s|*ccies of AUocreadttm known from other countries 
in which the vitellana do not extend anterior to the acetabulum, A sc/nxothoraeu 
n tp in the acetabulum being larger than the oral sucker resembles A transversals 
(Bud) after Lfihc, A. fallens (Rud) after Wallin, A ham Ozaki (after Yamaguti), 


•All measurements are in mm 
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A japonicum Ozaki (after Yamaguti*, and A brteosoim Simer A transversals Is 
distinguished from tlie new species on account of the larger body size, 
different sucker ratio, anterior extent of the vitellana (in transit*sale follicles 
not reaching to the posterior level of acetabulum), and greater size of eggs. 
A pollens differs from the new species in the greater body size, acetabulum 
being twice as large as the oral sucker, and ovary situated next to the testes. 
A haau is distinguished from it by the larger size of its body, different sucker 
ratio, irregularly lobed testes, slightly lateral genital pore, and uterine coils 
lying between anterior testis and acetabulum A japomeum can likewise be 
separated from it by the sucker ratio A. belcosomt , which is a slightly 
smaller species, is easily separated off from the new species on account of the 
different sucker ratio, more anterior position of its acetabulum, cirrus-sac extending 
posteriorly beyond centre of the acetabulum, ovary immediately prc-testicular, uterus 
between the ovary and the acetabulum, and smaller size of its eggs 



Fig 2 


A nmhasert n Sp. 

Host Jkn bus to* Ham 

Habitat Small Intestine 

Locality Aimora, Kumaon Hills 

Description —Body elongated, somewhat flattened dorsoventrally, with 
anterior tapering and posterior broadly rounded ends, 2 23* in length and 0*8 in 
maximum breadth m ovarian zone Oral sucker subtermmal, slightly longer than 
broad, 0 20 x 0 25 in size, prcpharfrnx not observed, pharynx broader than long, 
012 x Old in size, oesophagus 014 in length, dividing close in front of the 
acetabulum, intestinal caeca termuinte near posterior end Acetabulum spherical, 
nearl) equal in size to the oral Bucker, 0 26 in diameter, situated slightly m front of 

*AU measurements are in mm 
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one-thud of body-length from antenor extremity Exorotory pore terminal Genital 
pore anterior to intestinal bifurcation, half-way between posterior border of pharynx 
and anterior border of acetabulum 1 estes in posterior half of body, nearly equal m 
suso, somewhat spherical in BhApc, 0 82 x 0 31 m dimensions, cimis-sac elongated, 
anterolateral to acetabulum with its greater part ljing ventrnl to right intestinal 
caecum in the region of the acetabulum but in front of acetabulum cirrus-sac 
overarches intestiual bifurcation to open at the genital pore, vosiculu seminalis 
coiled in proximal linlf of cirrus-sac, well-developed prostate glnnd cells surrounding 
pars prostaticn and ductus cjaculatorius Ovary median, post-acetabular, slightly in 
front of middle of body-length, broader than ioug, 0 18 X 0 2 in size, transversely 
placed rcceptni ulum soimnis lateral in position, well-developed yolk-reservou 
and shell-gland cells close behind the ovary, median and at the middle of body 
length, uterus between anterior testis mid acetabulum, containing 30—35 eggs, ripe 
eggs 008 in length and 0 050 in breadth, vitelline follicles extending from near the 
antenor level of acetabulum to the extreme posterior end of the body, uniting 
posteriorly behind posterior testis. 

Remarks —This species, m the nearly equal size of its suckers, resembles the 
species, A ixoporum and A lobatum, but it is distinguished from them b> the 
anterior extent of vitellana A mahasen nsp is separated from A nicollt, with 
which it agrees in the antenor extent of the vitellana, on account of the smaller size 
of its body, nearly equal suckers, more forward position of the genital pore in 
relation to the intestinal bifurcation, testes being in tandem and contiguous, absence 
of utenue coil extending posteriorly beyond antenor border of anterior testis, and 
larger size of its eggs A kosia is a much larger species than A mahasen and 
differs from it on account of the sucker ratio, position of the genital pore just below 
intestinal bifurcation , posterior testis longer than tho anterior one, extent of the 
cirrus-sac , more antenor position of tho acetabulum, ovary and laterally situated 
shell gland muss, more postenor extent of the utenne coils in relation to the anterior 
testis, vitelluie follicles extending up to the middle of the acetabulum, nnd smaller 
length of its eggs From A handm it is distinguished, among other characters, by 
the smaller size of its body, nearly equal suckers, more anterior extent of the vitel¬ 
lana , median position of the ovary, extent and position of the cirrus-sac, and smaller 
size of its eggs A schtxothoracts n.sp differs from A mahasen n sp on account of 
the smaller size of the body, acetabulum larger than the oral sucker, more postenor 
extent of the uterus, and vitelline follicles extending anteriorly only to the hinder 
border of tho acetabulum 

Kemnrks on the genus A lion eadium 

From a study of these five species and others kuown in this genus the author 
considers that the char icters of these forms which show marked differences are the 
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position of die gomtal pore, length of the oesophagus, posterior extent Of the cirrus- 
sac, anterior extent of the vitellmo follicles, and posterior extent of the uterus In 
some of these species one or more of these characters are so distinct that 
systematists might be led into creating higher systematic units for them But 
such a separation is likely to lead to confusion and is not possible m view of the 
fact that these characters arc not really so clear-cut and tend to intcrgmdc This 
becomes evident when a larger number of species is taken into account and the 
differences shown by them in the above-mentioned characters compared together 
ThuB, die genital pore is situated near the intestinal bifurcation in a large number 
of species varying in position, in front of it as in mahasert, below it as in 
A osw, and immediately posterior to it as m pseudotniom, while in tctnlun 
and hnndiat it lies much behind tho intestinal bifurcation, (esophagus bifurcates 
closo in front of the acetabulum in schixottioracis, mahasert, or much in front 
of it as m utalun and Itandiat, the cirrus-sac may extend posteriorly to 
the anterior border of acetabulum ns in hanthm, slightly beyond it as in scfnxo- 
ihot arts, or may extend further backward as to ho slightly beyond its 
hinder ranrgin ns in kosia, vitelline follicles may commence behind the acetabulum 
ns in ha n dim and utopoi urn, from the posterior end of the acetabulum ns in 
srinxothotacts, from the middle of the ncetabulum as in Aosta, from tho anterior end 
of the acetabulum ns in mahasert, from tho posterior margin of oral sucker as m 
ps< udoti tlont , uterine coils in most of the species lie between anterior testis and 
acetabulum, e g, lohatmn, hamhat , mahasert, pseudolnhmt, etc while they have 
been seen to extend backwards ns far as middle of anterior testis in titcollt and kosta 
and to anterior border of posterior testis in sehixothoracu It may bo noted that if 
the < humeter of the distribution of the vitelline follicles is taken into account in 
pxendotntom and ictalw i —species resembling in the anterior extent of tho vitellaria 
in front of tho acetabulum, the difference in tho position of their genital pores—much 
behind the intestinal bifurcation in the latter will bo found to be present m handtai 
—a species with vitelline follicles commencing behind ncetabulum It will thus be 
evident that the species of Alloa eadtum cannot bo separated into generic or 
subgenenc groups A revision of the geneno diagnosis has, therefore, become 
necessary to accommodate the simcics that have been added since the setting up of 
the genus 

Dtagitons —Small to medium-sized Allocrcadun®, oral sockcr larger or 
smaller than Acetabulum, or equal in size, prepharynx present or absent, pharynx 
well-developed, oesophagus when present, short or long, intestinal bifurcation close 
in front of the ncetabulum, or much in front of it, intestinal caeoa reaching to near 
posterior end of body, excretory pore terminal or subterminal, sac-shaped excretory 
bladder variable in length, genital pore ventral, median or slightly lateral, between 
pharynx and tenfral sucker, testes lobed or entire, postovanan, tandem or slightly 
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oblique in position, in posterior half of body, cirrus-sac with coiled vesiouln 
aeminalis, pars prostatica, ductus ejaculatorius, and prostate gland cells, reaching 
posteriorly to anterior border, or centre, or uear hinder end of acetabulum, ovary 
nearly rounded, dorsal,’ between anterior testis and ncetnbuluui, receptacuinm 
Berninis well-developed, in level with or posterior to ovary, Laurcr’s canal and shell 
gland mass present, uterus with few to many eggs, usually coiled between nntenor 
testis and acetabulum, sometimes extending posteriorly ns far as anterior border of 
posterior testis and lateral to it, mAtraterm may be present, eggs 004-012^ by 
0 016-01 in size, Vitellana mostly Intern], overlapping caeca, muted m post-testicnlnr 
space, commencing from posterior margin of oral sucker or from intestinal bifurcation 
or acetabulum or behind acetabulum from the ovarian zone , parasites of hshes and 
salamander, type-species, A tsoporum (Looss, 1894) 

The author is greatly indebted to Dr H R Melirn for hrn manj valuable 
suggestions and helpful criticisms 
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A NEW 8TRIGEID TREMATODE OF THE GENUS CRASSIPHIALA 
V HA1TSMA, 1025 (FAMILY DIPLOSTOMIDAS POIRIER) 

FROM AN INDIAN KING-FISHER 

By B P Pande 
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Received October 11, 1938 

SUMMARY 

A new stngeid trematodc of the genus Craanphinla V Hnitsmn, l‘J2B (family Diplofttomblie 
Poirier) from an Indian King fisher has been descnlicd and its relationships have been 
discussed 

The members of the genus Ci a&nphtala ore parasitic in King-fishers Van 
ILutsma (1925) erected this genus to include C bulboglosm from the bolted King¬ 
fisher, Ceryle alcyon limiter (1933) found, during feeding experiments with belted 
King-fishers, iSti rptoceryle alcyon, that the stngeid roetacercnna, Neascns amblo- 
pltlts, Hughes, encountered in tho small blackbass, develops into a species of 
Orasmpktala, C amblophtts and also gave an account of the morphology of tho 
adult of the second species of Crasstphiala Those stngeid trematodes wore placed 
in the subfamily Polycotyline of tho family Stngcuko In regard to the presence 
of a well-developed acetabulum m amblophtts, reported to be of a rudimentary 
nature in the generic diagnosis, a reference to the amendment of the diagnosis for 
inclusion of species with acetabulum was made by Hunter Dubois (1933) removed 
the subfamily Polycotylinas from the Stngeidse to the family Alamde In 1934 
tho genus Crasstphiala wns revised by Dubois who also gave a detailed description 
of C denticulate (Rudolplu) from Alcedo *sputa Harwood (1936) reporting 
C amblophtts from the mtestiue of MegaceryU alcyon, has given a key for the 
separation of tho species included in Crasstphiala which includes, besides the 
three species enumerated above, C gractlts (Yamaguti) and 0 cochleartformts, 
(Yamaguti) The genus Crasstphiala, following Dubois (1936), is assigned to 
the sub-subfamily Crossiphialmi of Dubois under Diplostomidm 

During the examination of King-fishers at Allahabad, an apparently new 
species of the genus Crasstpktala was found in the small intestine of Halcyon 
smyretms fusca, the white-breasted King-fisher, and is described below 

116 
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Family Diplostomid® Poirier 
Subfamily Diplostominm Monticelh 
8ab-subfiimily Crassiphialini Dubois. 
Genus Cnsatphtala Van Hnitemn 


Crrustphtala sfunknrth n sp 




Biff 1 Fig 2 

Orasetphtala xtunkardt C ntnnkanh, dorsallj 
n Bp , laterally flattened flattened specimen 
specimen 



Fig 3 

Sagittal section of 
C stunkardi through testi¬ 
cular and post-testicular 
regions showing the ejacu¬ 
latory pouch, vesieula 
sominahs, genital cone, 
and the genital bnlb in 
the atnum 


At, acetabulum, B, egg, Bpn ejaculatory pouch. On, genital atrium, Ob , genital bulb, 
Ot , genital cone, JJf, hold-fast organ, It n Intestinal caecum, O* , oral sucker, (>«•, ovary, Fh , 
pharynx, 3m , shell gland maaa, Be, seminal vesicle, T, testis, Vt , uterus, VU vitelline follicles, 
Fr., yolk reservoir 

Detenption •—Body divided into somewliat transparent, flattened, and spoon- 
shaped fore-body with its margins incurved ventral ly and meeting bohind the 
bold-fast organ, and a cylindrical, more or less opaque hind-body Fore-body 
0-29*—0*34 in length and 0 2 in greatest breadth in tho region of the hold-fast 


• All measurements are u mm 

F. ♦ 
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organ, hind-body nearly twice aa long as the fore-body, 0 0—07 in length, and 
0 23 in greatest breadth in the region of the posterior testis Oral sucker ventro- 
termmnl, 0 06—0 060 in size, pharynx slightly less than half the size of the oral 
sucker, 0 028 in diameter, oesophagus 0 055 in length, intestinal bifurcation in 
front of the acetabulum, intestinal cieca terminating near the hinder border of the 
seminal vesicle Acetabulum smaller than the oral sucker, 0038—004 m diameter, 
situated close in front of the hold-fast organ Hold-fast organ weiUdeveloped, 
circular, penetrated by a cavity, and 007—0 09X0 07—01 m size. Adhesive- 
gland not recognisable Genital pore at the posterior extremity, dorsal in 
IKMution, leading into the genital atrium of nearly 01 length and containing a well- 
developed genital bulb arising from its nntero-veutrnl aspect All the genital 
glands including the vitellarm and uterine coils confined to the hind-body. Testes 
large, somewhat bean-shaped, tandem, dorsal m position, anterior teBtis 012 in 
length and 010 in breadth, a tittle in front of the middle of the body-length, 
posterior testis 0 1 in length and 0 16 in breadth, close behind the anterior testis, 
vcsicula semmnlis voluminous, of 007 length and 006 in breadth, immediately 
behind the posterior testis, lateral ui position, nearer tho ventral body wall, and 
distal ly curving to open into the muscular ejaculatory pouch which is of about 0 09 
length and 0 045 in breadth and situated close behind the posterior testis immedi¬ 
ately below the dorsal body wall, ejaculatory pouch, distally passing through the 
genital cone, opens at its apex with the terminal portion of tho uterus, genital 
cone dorsal in position to the genital bulb Ovary transversely elongated, with 
entire margins, close m front of tho nutenor testis, median, 0 05 in length and 
0 07 m breadth, shell-gland mass and well-developed yolk-reservoir inter-testicular, 
receptnculum seminis absent, initial coils of uterus servrng as rcceptaculum seminis 
uterinum, uterus after origin from shell-gland mass running forward on the 
veutrnl side near the hinder border of the ovary wherefrom, after bonding on 
itself, continues its backward course as a more or less straight descending limb with 
the distal end opening along with the terminal part of the ejaculatory pouch at the 
apex of tho genital cone, ripe eggs 0 084 m length and 0 049 in breadth, vitcllnria 
occupying almost all the available space of the hind-body, extending from the 
junction of the fore- and hind-body to the posterior extremity of the worm 

Remntka —Cramphtala atunkardi n sp in having an acetabulum resembles 
the species, C denHculata, C nmblophtts, C gractlts and C eoehleartformu From 
denimtlata it differs in tho relative size of the fore- and hind-body, position of the 
ovnry and testes, and anterior extent of the vitellana The new species is distin¬ 
guished from amblopltits by tho absence of a neck-like region m the hind-body, 
relative size of the fore- and hind-body, position of the testes, more anterior extent 
of the vitellana, and smaller size of its eggs C gracUit is separated from tiunkard* 
nsp, on account of the slender hind-body, position of the ovary and testes in the 
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posterior third of the body, and restriction of the vitellana to the posterior half 
of the body The present species differs from cochhnrtformxs in the relative size 
of the fore- and hind-body, oral sucker being larger than the acetabulum, position 
of the ovary and testes, posterior extent of the vitellana, and smaller size of 
the eggs 

Host Halcyon smyretms fusca 
Habitat Small Intestine 
Locality Allahpbad 

The author is greatly indebted to Dr fl R Mchra for his valuable help and 
advice 
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SUMMARY 

1 Tin Hhrub Odmum eanum Sima contain* on an average 0 7 por cent of eaaontial oil, which 
ran be randy removed from it by steam distillation 

2 The rectified oil of Octmum oanum is a pale yellow ott with an intense and pleasant smell of 
lemon with a touch of lavender 

1 The oil was found to contain over 68 per cent of aldehydes calculated as citral on estimation 
by two different methods 

4 The oil was resolved into aldchydic And non aldehydic constituents by aqueous sodium 
bisulphite From the aldehydic portion, small quantities of mcthylbeptcnono and citronellal together 
with a large proportion of citral was isolated, whereas from the non-aldehydic portion, linalool, a 
mixture of geraniol and citron cl lol and also esters of these alcohols were isolated 

5 The essential oil of Oemum eanum appears to be a good source of citral from the 
commercial point of view As it is, it could be used as on excellent perfumery material, having a 
persistent and dehcata fragrance. 


Octmum eanum Suns, or Mamn or Bam Tutsi os it is known in Hindustani, 
is a strongly scented low shrub belonging to tho natural order of Labia too It 
grows wild on tho nver banks and moist places during the rainy season throughout 
the United Provinces and it also grows abundantly in the foothills of Kumaun and 
Nepal The mature plants are about two foet high and are much branched and 
pubescent The plants attain maturity by about October or November, and after 
that they either die out gradually or get eaten up by cattle 

The plant has been described by Roxburgh* and also by Kirtokar and Basu, 1 
and so a description of the plant is omitted here Two photographs of the plant 
however are reproduced here in order to give a clear idea of the appearance and 
characteristics of the plant. 

The plant is highly medicinal A decoction of the leaf is beneficial in 
disorders of the digestive system, particularly stomach troubles. A paste of the 
leaves with water applied to the hands and feet in case of fever keeps the 
extremities warm The same preparation is used in various affections of the skin, 
such ns ringworm, scabies, eczema Ac. with highly beneficial results. 
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Tho plnnt is very rich in essential oil, the average plant containing nearly 07 per 
cent of the substance As tho esscntinl oil appears to be the main active principle 
of the plant and responsible for most of its medicinal properties, it was submitted to a 
systematic chemical examination As the result of this investigation, the essential 
oil of Mamri was found to consist of nbout 08 per cent of aldehydes and ketones, 18 
per cent of alcohols, 5 per ceut of esters and 2 per cent of complex hydrocarbons, all 
belonging to tho terpenc series A few minor constituents of the oil could not be 
properly isolated or identified for want of sufficient material. 

Experimental 

Cuttle essential ml of Octmum canum —The essentia) oil of Octmum canum 
whs obtained by distillation of the whole plnnt in lots of 8 kilos at a tune, cut np into 
small bits by means of a chopper, with water from a largo copper distillation 
apparatus of 10 litres capacity and fitted with a copper condensing worm, and 
continuing the distillation until the distillate which was milky at first began to ran 
perfectly clear Tho distillntc (5 litres' was shaken with petroleum ether in a large 
separating apparatus and the npi>er petroleum ether layer after dehydration was 
distilled from an electric wnterbath until the solvent no longer came over The 
residual oil was a clear pale yellow liquid with an intense and characteristic smell of 
lemon with an appreciable note of lavender 

Crude essentiul oil of Octmum canum is pleasant smelling liquid which does 
not solidify even on strong cooling It is dearly soluble in 70 per cent alcohol 
The substanco contains a large proportion of citral, as is evidenced by tho fact that 
when treated with scmicarbazide hydrochloride and sodium acetate in 70 per cent 
alcohol, the senucarbazone of citral (M P 136*C) crystallises out from the 
mother liquor in on yield of nearly 70 per cent With a saturated solution of sodium 
bisulphite the crystalline bisulphite compound of citral is immediately formed which 
can be recrystnllued from hot water in glistening snowwhito spangles 

licchficatton of the crude csscnttal of Octmum canum —Tho crude oil was 
distilled from a small distilling flask with n short rectifying neck below the delivery 
tube at the ordinary pressure The following fractions were collected, tho mercury 
thread of the thermometer shooting up in between the different ranges of tempera¬ 
tures indicated 


Table I 

Total quantity taken = 94 c c 


Fraction No 

Boiling range 

Quantity of distillate 

l 

Upto 130*0 

6 0.0. 

2. 

200-235*0 

82 C.C. 

8. 

255-265*0 

4 c.c. 

4. Residue (nonvolatile) 


2 c.c. 
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Fraction No 1 was found to be the tail fraction of petroleum ether which 
tenaciously adhered to the oil and did not distill off from the water bath 

Fraction No 2 was the main rectified essential oil of Ocimuni canum con¬ 
taining cttral as the main constituent. 

Faction No 3 was a high boiling terpene hydrocarbon which had properties 
closely allied to caryophyUenc, and was perhaps identical with it, but it could not be 
definitely identified for want of an authentic sample of caryophyllene 

Fraction No 4, that is the dark nonvolatile residue, was apparently a very 
impure and complicated substance ft solidified to a resinous moss on cooling and 
standing 

Fraction No 2 was estimated for citrnl content by the sodium bisulphite 
method of Tiemnnn* and was found to contain 687 per cent of citral Quantitative 
estimation by the semicarbazone method also gave practically identical results 
From this it became quite evident that rectified essential oil of Ocimnm caninn 
contains over 30 percent of non-nldchydic constituents winch oould not be satisfac¬ 
torily separated by the ordinary methods of fractional distillation Chemical method 
of separation was therefore token recourse to in the following manner — 

82 c c of the oil was shaken in a separating funnel with a dilute solution of 
sodium bisulphite (10%) Much of the oil went into solution, but the insoluble 
portion formed a layer on top of tho aqueous solution 30 c c. of petroleum ether 
was added, and the top layer separated from tho aqueous portion The former was 
thoroughly washed with water, dned and distilled from a water bath until freo from 
petroleum ether This was labelled Fraction No 5 

The aqueous layer was acidified with dilute sulphuric acid in the cold and 
extracted with petroleum ether Tho ethereal extract was washed with dilute sodium 
carbonato and water, dried and freed from petroleum other on a water bath Tho 
residue was labelled Faction No 6 

Fiactional distillation of the non-aldehydtc pot turn (Ft action No r i) — 

Table II 

Total quantity taken*24 cc 


Fmction No 

Boiling range 

Quantity of distillate 

7 

170-175*C 

1 cc. 

8. 

196-200’C 

9 cc 

9. 

225-230*0 

6 cc 

10. 

240-245*C 

4 cc. 

11 

265-270'C 

18 cc 

12 Residue 

Fraction No 7 could not be identified. 

16 cc. 
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Fraction No 8 was linalool and gave identical mixed boiling point with an 
authcntio specimen of the substance. Chemical testa also pointed to the same 
conclusion. 

Fraction No 9 was a mixture of geraniol and citronellol which could not be se¬ 
parated by further distillation The mixtnre however oould be completely aoetylated 
by ncetio anhydride and estimated as esters by Koettsterfer's method 

Ft action No 10 was a mixture of esters, most probably of geraniol and 
linalool From the ester rnlue found by actual experiment and calculated as 
gernnyl Acetate, the product consisted of 07 2 per cent of esters. 

Fraction No 11 was pale green in colour, and was found to be a terpene 
hydrocarbon On account of the small quantity at our disposal, it could not be 
identified 

Ft actional distillation of the aldchydir pot tion (Fraction No 6) — 


Table 111 

Total qnantity taken=BO c c 


iction No 

Boiling range 

Quantity 

13 

170-175*0 

2 cc. 

14 

206-215 0 

6 co 

15 

225-230*0 

49 cc 

10 

255-260*0 

1 cc 

17 Residuo 


05 ac 


Fraction No 13 appeared to be methyl-hcptenonc although the semicarbaxone 
prepared from it melted at 5 degrees below the melting point of pure methyl- 
heptenone-semicarbazone (134*C) 

Fraction No 14 was identified to be citronellal by formation of citronellyl-fi- 
naphthooinchoninic acid (M P 225*0) with (J-naphthylamine and pyruvic add. 

Fraction^No 15 was identified to be dtral or rather a mixture of a and 0 
citrals The semicarbazone prepared in the usual manner melted at 185*C and the 
melting point and properties of the substance were identical with those of dtral- 
semicarbazone prepared from an authentic specimen of citral obtained from Messrs 
E. Merck. 

Fraction No. 16 was a terpene hydrocarbon which could not be identified. 
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Rectified oil of Octmum canum therefore contains the following ingredients in 
the proportions indicated below, the total quantity of oil taken for analysis 
being 92 c.o 

Table IV 


Constituents 

Volume of fraction 

Percentage in the oil 

Linalool 

9 c.0 

10*9 

Esters 

4 c.c 

48 

Geraniol and citronellol 

a co. 

73 

Methylbeptenone 

2 c*c 

24 

Citral 

49 cc 

600 

Citronellal 

6 cc 

73 

Unidentified 

4 cc 

48 

Residue 

2 cc, 

24 

We beg to express our 

best thanks to Prof K P 

Chatterji for his kind interest 


in the work. 
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ANNUAL MEETING 

The Annual Meeting of the National Academy of Sciences, India, was hold in 
the Vizianagram Hall, Muir College Buildings, Allahabad, at 8 pm, on Saturday, 
February 4,1939 The Hon’ble Sn Sainpurnnnand, M.L A, Minister of Education, the 
United Provinces, presided over the function Dr P L. Snvastava, MA, D Phil 
(Oxon), one of the General Secretanes, presented the Annual Report of the National 
Acndetny of Sciences, India 

Sir Shah Muhammad Sulaiman, Kt, M A n LL.D, DSo, the President of the 
Academy, read his address The Hon’ble Sn Sampumatiand, ML.A n Minister of 
Education, the United Provinces, then delivered his address 

Prof A C Banerji, M A, M,8c, IKS, proposed a vote of thanks to the 
Hon’ble Sri Sampurnauand and Dr K N Batil, D Phil, D Sc, seconded the 
vote 
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Pkbsimtbi) at th* Annual Mkktino or tjik National Acadkmv of Scirncrb, 
India, on Frbbcart 4, 1939 

By P L Shiyastava, MA, DPhtl. (Oxon) 

We have the honour to subnut the following report on the working of the 
Academy daring the period beginning from the 1st of January, 1938, and ending with 
the 81st of December, 1938. 

The Seventh Annual Meeting of the Academy was held on Saturday, the 6th 
March, 1938, at 3 p m. in the Vizinnagram Hall, Muir Central College Buildings, 
Allahabad. Pandit Jawabarlal Nehru presided over the function Dr P. h 
Srivastava, one of the General Secretaries of the Academy, presented the annual 
report 

After Prof. B Sahni, D 8c,, S&D, FJLS, the President of the Academy, 
had delivered his address. Pandit Jawaharlnl Nehru addressed the Academy 

In connection with the annual function a popular exhibition was also arranged 
to which exhibits were sent by many prominent scientists and Government institu¬ 
tions of the country 

A conversazione under the presidentship of Pandit Jawaharlal Nehrn on Power 
Supply in the United Provinces was also organised, many scientists contributed 
papers and took part in the discussion Earlier in the day, ns a part of the annual 
function, Rao Bahadur B Viswanath, FIC, FCS, delivered a lecture on 
Modern Developments in the Science of Soil and Plant Nutrition. 

We are sorry to record that in the beginning of the year Prof. B. Sahni, 
D&l, ScJ)., FJLS, expressed his inability to carry on the duties of the President 
of the Academy on account of excess of work and made a request that he may be 
relieved of the office The Council with great regret noceded to his request Sir Shah 
Mi|ii»mnyu1 Subuman, Kt, M A n IvL.D„ D.Sc., was unanimously elected President 
of the Aoademy for the residue of the term 

* The departure of Prof M N Saha, DJ3c, FJELS., from Allahabad, subsequent 
to his appointment as Paht Professor of Physics, University College of Science, 
Calcutta, has meant a great loss to the Academy The Academy not only owes its 
very existence to him, but it has also attained its present strength and status 
because of his fostering care and guidance The work done by Prof Saha in 
establishing the Academy is enough to perpetuate his association with us, the city 
of Allahabad and the United Provinces, 
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We ore glad to be nblc to record that the Academy baa made steady progress 
both aa regards its membership and the standard of its publication The Academy 
has now on its rolls 176 members It is gratifying to note that our members are drawn 
from every part of the country We consider the elections of His Exalted Highness 
the Nizam of Hyderabad and Sir Shah Muhammad Suiaiman as Benefactors of the 
Academy during the year ns nn event of happy augury, they have donated indivi¬ 
dually more than one thousand rupees to the Academy, and we hope that their 
example will be followed by others In accordance with the rales of onr constitution 
we elect out of our members a certain number os Fellows on aoconnt of their special 
distinction in scientific work The present number of our Fellows is 91 including 
2 elected during the year Of our members 49 are Fellows of the National 
Institute of Sciences of India. 

The Proceedings of the Academy have maintained their high reputation both 
in and outside the country The papers published in the journal have been widely 
appreciated and abstracted in all important Scientific Abstracts We are now 
receiving 170 foreign and Indian scientific journals in exchange We have published 
four issues of the Proceedings containing 19 papers During the year under review 
the number of papers communicated to the Academy was 45 

It is a matter of special gratification that we have been able to publbb an 
important booklet containing papers communicated to the Conversazione on Power 
Supply It is a very timely publication as tho problem of National Planning is 
being seriously investigated and it is hoped that the booklet will be found useful 
to the specialist ns well as to the general public Our thanks are due to the 
U P Government for a grant of Its 500 towards tho cost of the publication of 
the booklet. 

Of the distinctions conferred on the members of the Academy may be men¬ 
tioned the General Presidentship of the Indian Science Congress hold dimog the 
current year by Prof J C Ghosh, D Sc, a Fellow and a member of our Council 
Prof B Snhm, DSo, Sc.D, FR.S, our outgoing President^ has been eleoted 
President of the next Indian Science Congress Prof K. N Bnbl, D Phil, DBc, 
our second President, has secured the rare distinction of being the first Indian to 
be admitted to the degree of Doctor of Science of the Oxford University Three of 
our members have been admitted to the Fellowship of tho National Institute of 
Sciences of India. Three of our members, Prof M N Saba, Prof J C Ghosh and 
Prof V S,Dubey, have been nominated members of tbe National Planning Committee 
appointed by the President of the Indian National Congress It is very gratifying, 
indeed, to record that various Governments, the Iudian National Congress, Indus¬ 
trialists, businessmen and the general public, are increasingly realizing the 
value of science and scientific researches for the well-being and uplift of 
tie masses, 
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The financial position of the Academy, we are sorry to say, has not been ns sound 
as one could wish We are thankful to the Government of the United Provinces of 
Agra and Oudh for the grant weliave been receiving from them for tho last several 
years We also gratefully acknowledge the grant of Rs 600 by tho Imperial Council 
of Agricultural Research, New Delhi, for the third year in succession We are 
highly indebted to His Exalted Highness die Nizam of Hyderabad and Sir Shah 
Muhammad Sulaiman for their donations of Rs 1,000 and Rs. 200 respectively 
during the year We earnestly hope that the Allnhabad Municipal fionrd which is 
interested in the affairs of the Academy will also make a suitable grant 

The paucity of funds has stood in the way of enlarging our activities or taking 
up any new programme of work Oar finances do not permit ns to enlarge the size 
of our proceedings or to organise a properly equipped Science Library or to open 
exchango relations with many foreign scientific societies The need for a building of 
tho Academy in which we can house our library and hold our meetings is urgently 
felt We appeal to all who consider scientific advancement as essential to tho 
country's progress to help the Academy so as to enable us to enlarge and extend its 
activities All the meetings of the Academy were held at Allahabad during the year 
We are anxious to hold meetings m other plaoes os well It is hoped that with the 
increase in the number of members residing at other academic centres, the meetings 
Will in future be held at other places also. 

Hie Education Minister's Gold Medal has been awarded this year to Prof 
B, Sahm, D8&, So.D., FR8, Professor of Botany, Lucknow University, for his 
paper on Materials for a Monograph of the Indian Petrified Palms 

Dr U N Chatterjl continued to be the Special Officer of the National Academy 
of Sciences, Indio, throughout the year 

It is a great pleasure to us to record that the constitution of tho Academy as 
drawn np by Prof Saha and his colleagues eight years ago has worked with great 
success. 

Before dosing, we the General Secretaries, wish to offer our grateful thanks to 
the successive presidents, the members of Council and tho general body for their active 
help and co-operation in the discharge of oar duties In their generosity they have 
allowed us to act for full four years, the maximum period permissible under the rules, 
and we thank them for this mark of confidence in ns We arc also grateful to 
Dr U N Chatter]!, our Special Officer, and Mr P C Mukciyee, our office derk, for 
their zealous and ungrudging co-operation, 



ADDRESS OF THE PRESIDENT—THE ULTIMATE 
STRUCTURE OF MATTER 

Delivered at tub Annual Meeting of the National Academy or Sciences, 

India, on February 4 , 1939 

The Hon’ble Sir Shah Sulaiman, Kt., MA, LL.D., DSo. 

It is only natural to believe that the Greeks must have obtained knowledge of 
the philosophy just ns that of astronomy which had existed in the older Babylonian 
and Egyptian civilizations, with which their close contact is indisputable 

Not only the Ncopythagorean Noumenios (fr 13, R.P 024) had acknowledged 
this indebtedness to the East, but also Clement (Strom i. p 8,5 Stahlin) conceded 
this. The Encyclopedia equally admitted the benefits derived from Oriental wisdom. 
Bailly (Letters sur l'ongme dos sciences) agreed that the Oriental had received in 
legacy a highly advanced science from a people who had disappeared, and whom he 
however identified with the inhabitants of Plato's Atlantis Up to the 19th century 
Roth and also Gladisch recognized that the Greeks owed much to the East 

Phoenician Philosophers 

The Nature philosophers of Asia Minor, from Thales (680 B C onwards, 
had pondered over the question of what the world was made of The first idea 
naturally was that there was some primary element which was the essence of all 
things 

There is the good authority of Poseidonios, quoted by Strabo (XVI, p 767) to 
prove (though attempts are now being made to deny it) that the Phoenician 
philosopher Mochu or Moschus (/>r) of Sidon first originated the atomio philosophy 
long before even the Trojan wars He is referred to in an ancient Phoenician 
history by Sanchumathon, published by Phtlon of Bybloa, which was used by 
Porphyry and later by Eusebios. 

Thales, who on the authority of Herodotus was undoubtedly of Phoenician 
descent, had unquestionably introduced the Egyptian geometry and arithmetic into 
Hellas, and was certainly familiar with the Babylonian astronomical records, as he 
had predicted that a Solar eclipse would occur by a certain date in Asia Minor (the 
eclipse of May 28, 586 EC) He could not possibly have located the eclipse in 
Asia Minor on the basis of Egyptian records, as has been suggested by some. 
Thales was the founder of the Milesian School and therefore the first man of Greek 
science. Only a few fragments of his philosophy are now available, but it is 
certain that he believed in a material cause of aU things, though apparently he 
identified that with water. 
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Greek Philosophers 

Aristotle (340 B.C >••«)') in fnct contrasted Thales with Anaxikahdxr (546 
B.C who had maintained that the primary substance was infinite, and the 

world was an endless mass stretching out without limit on every side Anaximenes 
(026 B C 1) held that the underlying substance was one and infinite, but 

determinate, and asserted that this primary element was air, which when rarefied 
became fire, when condensed became water, and then earth when condensed still 
more (and to hard stone if condensed still further) 

Heraclitus (502 B.C conceived that the primary element was 

aetherial fire which is the fundamental stuff of which all objects are made and to 
which they all ultimately return 

Anaxagoras (540 B C an Ionian philosopher, preached that all things 

were together infinite both in number and smallness, and so there is not a least of 
what is small, but there is always a smaller, and what is cannot cease to be by 
being cut He took a materialist view and postulated that matter was composed of 
different entities, each having different qualities The proportions m the various 
ingredients may differ, but the division, no matter howsoever far it bo earned, would 
leave the parts similar to the whole m their contents There were no coming 
into being or passing away, but merely mingling or separation of things 

Pythagoras (630 B C of Samos gave up the earlier conception of 

one single element being the basis’of all structure, and propounded that matter was 
composed of four elements. But Pj thagoras had not denied void and had in fact 
presumed the existence of a great void outside the world 

Empedocles (460 B.C &H) of Akrogos (believed to have been founded 
from a Rhodian colony), who belonged to the Pythagonan School, formulated the 
conception more elaborately and regarded the Universe as consisting of four 
fundamental and eternal roots or primary elements, namely, earth, water, air and fire, 
corresponding to solid, liquid, gas, and one other still more refined kind of substance 
These elements were combined under divine powers By a variety of combinations 
the different types of matter were formed These four elements were believed to 
be derived from the four fundamental qualities—hot, cold, wet and dry The trans¬ 
formation of substances from one kind to another convinced the ancient philosophers 
of the indestructibility of matter 

The Greek philosopher Leucippus (,^-U-t*) gave definite shape to the Atomio 
theory in the 6th century B.C and assumed innumerable and ever-moving atoms. 
With Infinite forms. He laid down that the substauce of the atome was compact 
and fall (“ what is ”), while they moved ui the void ( M what is not ”) both being 
equally real 

His pupil Democritus (,^1 ,*•*»), more famous than his master, consolidated 
the theory known after his name about 420 B.C Th$ atoms of Democritus, as 
F 9 
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handed down to posterity by Epicubus (341—270 B.C and Locuntn 

(chM*) were existent from eternity, never created and never annihilated. They 
however differed in their sizes and shapes, bat were identical in substance, and were 
all single, solid, indivisible particles. The differences in the properties of various 
types of matter were the results of the differences in their size^ shape, position and 
movement. In solid bodies the atoms oscillated within narrow ranges whereas in air 
they could rebound to longer distances While moving m all possible directions 
through the void space, they struck each other, and their collisions produced further 
movements, sometimes leading them to combine so as to form composite elements 
Worlds formed out of these may grow, decay or perish, but their ultimate constituents 
were indestructible, them sizes were permanent and their shapes inviolable 

Leucippus believed that Atoms were too minute to be divided, Democritus 
behoved that they were too hard to be broken He however allowed them all sizes 
Epicurus believed that they were too small to be seen and too hard to be broken, 
nnd added weight to the atoms 

The opposite school denied the existence of such ultimate particles and eould 
not understand how a further sub-divisiou could stop If there was any solid 
particle occupying a definite volume ur space, its theoretical sub-division was obvious, 
and therefore its actual physical sub-division could uot be impossible They 
refused to believe that the process of sub-division could not be earned on further 
nnd must stop at some unknown and definite stage 

Plato (3fl0 B C ci***®) asserted that each of th6 four elements, fire, air, wnter and 
earth, was composed of geometncallj regular particles Particles of fire were regular 
tctmhedm (t e , fout exactly equal equilateral triangles forming the four faces) The 
particles of air were octahedra (» r , eight equal eqmlnterally triangular faces). 
Twenty such equal equilateral triangles were the twenty faces of a particle of water 
which was an icosahedron The particles of earth however were cubes with six 
Bquore'faces These could never take any other form and so were indivisible and 
indestructible But the other three elements could be transformed into one another 
Plato denied the existence of the vacuum and the void, and asserted that the 
particles fitted each other perfect!} 

Aiustotlk (384—322 B C did not Accept the indivisible atoms of Demo¬ 
critus nnd held that there would be n serious anomaly if atoms had parts and yet could 
not be divided, although theoretically be was forced to concede that Nature might in 
fact refrain from dividing such atoms though they had parts to divide He thus ad¬ 
mitted that potentially di\ isible matter might actually be indivisible, and that wholes 
could have properties that their parts did not possess individually, and so a group of 
atoms might be richer in qualities than any one of its constituents But the void 
of the Atomist3 was altogether incredible to Aristotle Aristotle, following Plato, 
revived Anaximander's conception of continuous substance without interspaces. 
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PlCTARCU j#) in the 1st century after Christ argued “ How could there 
be heat if no atom were hot, or colour or sweetness if atoms were neither coloured nor 
sweet—‘how could such qualities be generated from the meetings and conjunctions 
of qualitiless atoms ? Neither sense, nor soul, nor understanding, nor prudence 
could issue from Atoms—and atoms could not spring from the bare void n 

The main objections to the indivisibility of atoms may be summarised as 
follows — 

(1) indivisible particles, with parts, was a self-contradiction, 

(2) voids or inter-spaces were wholly incredible, 

(3) atoms with only Bhape, size, solidity and motions or even weight were 

incapable of producing other qualities, 

(4) a mere group of distinct and separate atoms could not produce this 

world of colour, icent, sound and taste, and 

(5) it was absurd to imagine that living things were demed from inanimate 

atoms 

The destructive criticisms of Plato and AriBtotlc, although based purely on 
theoretical grounds, suppressed the Dcmocntenn theory for centimes, and it became 
the universal conviction that there was no vacuum in Nature 

Hindu Philosophers 

The Hindu conception of matter according to Nyaya-Vaicesika during the early 
centuries of the Christian era (as recently presented by Umesha Mislira) was that matter 
comprised eight forms, five discreet and three ubiquitous in nature Matter of the first 
kind consisted of four productive elements (Maha-bhutas) and Mind (Manas), con¬ 
ceived as an eternal substance and associated with an individual The second kind 
wns a continuum, both substantive and eternal, vtx , time and space The four primary 
elements were the Greek elements, earth, water, air and hre Each of the four funda¬ 
mental elements oonsisted of ultimate particles of matter (Paramanu) The Paramanus 
did not possess magnitude and so could not be perceived, their existence could 
only be inferred The proof that they were indivisible by nature and incapable of 
farther analysis followed the Greek reasoning that the possibility of further division 
would lead ton regiemts ad infinitum, because as e\ery such component would 
consist of equal endless number of constituents, there would be no actual difference 
in the dimensions of the vanous varieties, so that the dimension of the highest 
mountain would be equal to that of a mustnrd seed, which was impossible The 
principal attributes of Paramanu were that they were (?) eternal, (n) indivisible, 
(to) dimensionless, {tv) incapable of producing anything by themselves, (t>) incapable 
of being perceived through the sense organs, but (ft) they possessed quiddity which 
differentiated one from another They also possessed (nt) certain specific attributes— 
the fthfy ones possessed touch, the fiery ones possessed touch and colour, the watery 
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ones possessed touch, colour and taste, and the earthly ones poeeeeeed touoh, colour, 
taste and smell 

The Nihilist school of the Buddhist held that Void eras the only real entity 
and that the eternal existence of a substance, which had no constituent part, was 
inconceivable, because the ubiquitous kind of matter must permeate Panunanus, both 
' in and out, and therefore the Paramanus must have parts and be non-eternal As 
objects, having form and touch sensation, oecupied space and possessed parts, so a 
Paramanu, which also possessed a limited form and touch sensation, should occupy 
space and therefore had parts 

Muslim Phii-osophem and Thinness 
Among the Muslim scholars there were four main schools of thought (l) On 
the one extreme were the theologians who emphasising the limitations of human 
intellect maintained that it was beyond human power to find out the hidden essential 
nature of things, and that religion was principally a matter of faith and must be 
accepted as revealed, (2) on the other extreme were the philosophers - WUt) who 
drew a sharp distinction between religion and Physics (a4*!**) and considered 
religion as being associated with an inward mental power, and not a branch of 
intellectual knowledge, which can be reduced to a system of logical or philosophical 
propositions , (3) in between oame the rationalists (j)***) who treated reason as 
the ultimate authority and indeed the main source of religion also, and tried to 
reason out all religious dogmas, creating their theology solely by reason and rejecting 
all that did not conform to their own reason, and (4) the dialecticians or Muta- 
kallemin (elA), who defended the religious truths by logical arguments, did not 
shirk a critical inquiry into metaphysical concepts and offered new solutions of the 
philosophical problems Of these the first were traditionists, pure And simple, and 
altogether refused to discuss philosophical problems The second upheld the 
Aristotelian conception of the structure of matter, denying the indivisibility of 
matter and the existence of vacuum The thud group also were inclined towards 
the same view The fourth however favoured the Demoentean conception, rejected 
the infinity of division, and accepted the existence of indivisible corpuscles and the 
possibility of void or empty space, and made their own original contribution that the 
ultimate composition of matter was non-matenal 

Among the early philosophers may be mentioned Abu Nasab Fababi 
)«S||t), Avicenna (<**- *t< > >**), Ibnul-Bushd and Mohaqqiq Tow 

(^■,h jhu), Mclla Baqar (jN| I.), the author of Ufqul Mobin Aumddin 

Mufnl (J4U us-iflyih), author of Hidayat-i-ul Hikrnat (<*«Aaf>4|lje\ Husain Maibaxi 
author of Maiban (^*sh\ Mohgmmad Ibnt Ibrahim Sadbuddin 
^a'jll wt 1 *■*) of Shins, id. 1060 A,H), author of Sadra (^m), and the 
greatest Indian Muslim philosopher Mulla Mahmud (d 1062 AH.) of 
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Jaunpur, the author of Shams-t- Bax igha ,^-tAfl), regarded as the moat advanced 

book on Physics in the Nizamia School, adhered to the Aristotelian view 

According to the philosophers a material body (^l* ^-t-) consists of two things— 
(1) the snbstanoe or stuff (^no-<sU) of which it is made, and (2) the form ( hm *»)•*) 
which it assumes This substance is neither in itself (*J») always continuous nor 
in itself separate, neither always single nor multiple but it can assume all charac¬ 
teristics. Portions of any element can be separated (e^ part of water), but when 
any separate portion is considered, it is continuous, without any interspaces and 
so can be divided and sub-divided ad mfimtum This substance is not perceptible 
without a form, both must exist together Thus the substance has perfect extension, 
and is therefore capable of infinite division Existence of indivisible particles or of 
vacuum has no meaning 

After Ghazzali (1058 — 1 111 AJ) ft*'), the real founder of the Mutakallemin 

School, may be mentioned Nazzam (/*>) who was really a Mutazili, Pakhruddin Razi 
TAFTA 7ASI (*»> Gti), author of Shat ah Aqaul Natafi (JLXttit c yi) and 
Sharah Maqasid (•»-#- c >a\ Syed Shanf Jahjani «Jhj* •Hr), author of Shaiah 

Matcaqtf (J&V* c ,«a , and Mohakamat (*Vtau), Abdul Karim bHAHRASTANi 
(^it* fifiW), the author of Al-miUU ica-atrnahal (W j M<), Asfarini, the 
author of Sharah Aqatd Amfartnt cJ a) 

The Muslim Dinlectuians believed that nothing could be either eternal or 
infinite except God, and that an infinite divisibility of matter was impossible. 
Agreeing with the Philosophers they held that matter in this world was formed out of 
4 primary elements fire, air, water and earth (later reduced to the “ principles ” 
of (a) Sulphur, t^, combustible and disappearing by burning, ( b ) Mercury, te, dis¬ 
tilling over as liquid and (c) Salt, t e, solid residue), but that each of these was 
ultimately indivisible According to them a body (^-*) had length, breadth, 
thiokness as well as other qualities like colour, scent, hardness, etc A body 
consisting of any of the primary elements was not absolutely continuous 
in its inner structure, and was therefore not infinitely divisible There 
were ultimate corpuscles in the body which could not be sub-divided into smaller 
material particles. But this ultimate particle was composed of two or more 
non-material units of essence (j»t») which in themselves were indivisible (jfTH* >fr). 
These entities were not material particles at all, and so did not possess the qualities 
of size, weight, volume, etc, which material bodies possess, and length, breadth and 
height not being associated with them they were incapable of further sub-dtvuion— 
this jauhar was an indivisible unit, incapable of being sub-dmded either theoretically, 
or practically by breaking or even in imagination The Democntean atoms were 
indivisible partioles of matter of certaiu sizes and shapes which could theoretically 
though not in fact be sub-divided. Bnt these entities were different not being 
material at all, and the question of their sub-division did not arise. The universe 
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«u not continuous in its structure, and its ultimate indivisible constituents tttt 
separate from one another, though the gaps between them were too fine to be 
within human perception When however these indivisible entities combine 
together so that they become contiguous, a new property of continuity, besides 
their grouping, appears, and they assume the form of matter 

There had, however, been three slight divergences from the general views of 
the Mutakallemin 

(1) Nazxam (who was a Mutazih) had maintained that a body is in fact 
composed of au infinite number of particles without any limit 

(2) Shahrastam asserted that the particles were limited in number also, and 
that they might have been divisible, but are not in fact so 

(3) Qazi Abu Bakar Baqilam considered that when the 

entities combined to form a body, there was merely a group of entities, and nothing 
new came into it But the general opinion was that something new came into the 
grouping by reason of the contiguity of the entities 

The Muslim Dialecticians repudiated the conception of infinite sub-division of 
matter, but the ultimate composition of matter was not matter (/»'*» (*•*) with volume 
or size, but something ethereal—smeless and shapeless, and thorefore incapable of 
further sub-dmsion, although it had position In Sharaft Matcaqtf (Vol VII, p. 6) 
the opinion of Shahrastam is quoted that material particles are not capable of an 
infinite division, and that ultimately a stage is reached when they cannot be divided 
into smaller material particles, but that further sub-divunon would make matter dis¬ 
appear altogether and pass into the form of Jauhar The ultimate constituent G**-) 
was indivisible both physically aud theoretically and did not possess even the other 
qualities of matter like weight, size and shape, etc. This ultimate constituent was 
more like some primary essence, e energy of modern days Thus matter ultimately 
resolved itself into janhai , in the last division matter with most of its properties 
disappeared altogether, and only jauhat remained, which was an essence of quite a 
different nature This jautuir was not a material substance at all, no doubt it was 
a unit, but it was dimensionless 

A clear distinction was drawn between substance and quality {*>/)— 

the former is that possibility which exists in its own entity without dependence on 
the existence of any other thing, but tho latter is mere accident, which mint exist 
in some substance, whereas a quality cannot according to the majority of the 
opinions exist in another quality Of coarse, all substances have some qualities, 
and so the) exist together, but qualities can vanish or ean be replaced by others. 
Indeed, qualities of substances are constantly changing 

The Muslim Dialecticians did not regard time ns if it was flowing continuously 
like a stream, but considered its passage in units of time, which involved a theore¬ 
tical discontinuity As qualities change from time to time they were considered to be 
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fleetiog and transitory Thero was thus nn endless series of appearances, disappear-* 
slices and reappearances In that limited sense there were alternate destruction and 
creation. Some of the early Mutakallemm, like Nazzara, interpreted this as if the 
world was being destroyed and recreated by God in every unit of time, and this has 
been freely reproduced by European scholars as the basio doctrine But the general 
opinion even among these enrly Muslim thinkers was of a practical continuity of 
existence and a regular uniformity What was renlly meant was that the progressive 
development was under the direct will of God, and God could destroy it if He So 
pished. 

For purposes of illustration one criticism, reply, rejoinder and counter-reply 
may be quoted — 

P Suppose wc place one indivisible atom between two indivisible atoms, then 
the middle one will (1) either not prevent the right one from touching the left one 
or (2) it will do so In the first case, it will penetrate into them, and then volume 
cannot be increased. In the second case thero is obviously a division of the middle 
one os it separates the other two from touching each other 

M. The first case is not possible ns there is no such penetration The second 
cose merely involves a distinction of the nght and left sides, not a division of the 
middle particle itself 

P But the position where the right side is situated is different from the 
position where the left side is situated Otherwise reference to one will neeessnrilj 
imply a reference to tho other winch is impossible Hence a division follows 

M If yon assume that the two sides m fact occupy different places, then this 
is wrong as we make no such assumption And if j ou merely imagine them as 
occupying different places, though not in fact so, even then it is wrong, because this 
is a self-contradiction 

It will thus appear that the Philosopher’s criticisms prococded on tho assump¬ 
tion that the indivisible atom lias some size , the Mutnkallemin’s reply is that it is 
dimensionless Their favourite illustration us the geometrical point which can have 
a point on its right and another on its left, and yet is ui itself indivisible 

Tlie attack of the philosophers on the Mutakallemm’s position could be 
cosily met 

(1) The criticisms had been directed cxclusivci) against the theoretical indivi¬ 
sibility, and not mdiv istbihtj ns n fact in Nature 

(2) The criticisms were futile when the indivisible entity was dimensionless 

(8) The conception of void interspaces was easier than that of a perfect 
continuity. 

(4) Production of different properties by a combination of indivisible entittes 
was more likely than such production by a single continuous substance 
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(A) Life wm something quite distinct from inanimate matter and could not 
spring np from the one continuous substance, whereas spiritual entities could 
manifest themselves 

The Mutakallemm’s conception of the Universe being of grained structure, 
composed of non-matenal units, neither continuous nor infinitely divisible, was 
certainly an original contribution to philosophy But the opinion of Avicenna, who 
was a recognised authority even in Europe for centuries, founded as it was on the 
high authority of Aristotle, eclipsed the contrary view during the Middle Ages, and 
was universally adopted We find nothing but a vague reference made by Mai- 
monides to the Mutaknllemin’s hypothesis 

European Philosophers and Scientists 

It was Descartes (1596—1650) who partly resuscitated the forgotten Atomism 
in the guise of his Corpuscular Philosophy Although he took the whole material 
universe to be one infinite and perfectly continuous stretch of extended matter, 
without any interstices whatsoever, and denied any void that did not contain such 
extended matter, he considered it to be a granulated continuum, diversified into 
innumerable different corpuscles and controlled by Divine Hand These corpuscles 
could stream through the material continuum and also through one another The 
corpuscles were both divisible and deformable, though some might remain intaet 
This new Philosophy could assume a continuous stretch of matter, dispense with 
voids, admit divisible particles and also recognise divine control 

Leibnitz (1646—1716), with a slight variation, adopted the Mutakallomiu’s 
conception of indivisible entities As pointed out in the Encjclopmdia Britannica 
“ Leibnitz’s world consists of monads which are immaterial centres of force, each 
possessing a certain grade of mentality, self-contained and representing the 
whole universe in miniature and all combined together by a pre-established harmony. 
Material things are in their ultimate nature composed of monads, each soul Is a 
monad and Ood is monas monadum This monadism is a kind of spiritual 
atomism ” 

Isaac Newton (1642—1727) agreed that the stability of the world required 
inviolable particles, and believed that God had ui the beginning created matter in solid, 
mossy, hard, impenetrable, and movable particles of different sixes and figures, and 
that corporeal changes were the unions and disjunctions of these solid particles, 
that never wore nor broke 

Boyle (1727—1761) sought to explain the heating effect of bonng by increased 
tumultuous corpuscular motions within the heated fragments Boyle however added 
oorpnscnlar texture to physical realities. 

With the advent of chemical analysis, the Atomic theorj rapidly gained ground. 
Democritean “physical atom,” the molecule, was broken Into “chemical atoms, 1 ’ 



( IS ) 


the modern atoms. Water was found to be an aggregate of similar compouud atoms, 
or molecule*, and all samples of water contained the same elements in the same 
proportion by weight. Each atom of oxygen in it had precisely the same weight, 
and all atoms of hydrogen m it were equally heavy. The necessary oondu* 
sion was that the elements in any chemical compound would always be in Sxed 
proportions. 

Dalton's Atomic Theory (1808—10), previously presumed by Higgins, gained 
slow but steady acceptance. He had laid emphasis on the weights of atoms. 
Humphry Davy had first ridiculed it, but later his own Law of Definite Proportions 
suggested that bodies might be composed of ultimate atoms Gay Lussao'b Law of 
Volumes that the volumes of combining gases and of their gaseous products were 
in simple ratios to one another pointed in the same direction Avogadro’s Law 
that at the same temperature and pressure equal volumes of different gases contain 
equal numbers of molecules obtained unanimous approval The concept of valency 
strengthened the idea of molecular structures 

When attempts to explain valencies of various atoms by arranging them in a 
plane had proved unsatisfactory, van t Hoff pointed out in 1874 that molecules 
and their constituent atoms occupy a space of three dimensions, and so the formulas 
for two dimensions were not appropriate He was able to explain some valencies on 
the supposition that the disposition was at the corners of a tetrahedron. With the 
researches of chemists like Lavoisier and Davy the number of simple elements 
rapidly increased 

After the middle of the nineteenth ceutury, the Kinetic Theory of Gases 
brought to prominence their corpuscular character Air in a closed vessel would 
press on a side twice as hard because its molecules would hit it twice as much, if the 
volume were reduced to half Mathematical deductions established clearly that the 
heat of a gas was the kinetic energy of its molecules, its temperature was associated 
with its molecular velocity, its diffusmty was its spreading molecular motions and 
its pressure or elasticity was the bombardment of its moving molecules. 

The next step was to break open even the chemical atom, and split it up into its 
constituents The negative electron first forced its recognition, followed by the 
positive nucleus. In 1904 Nagaoka had suggested a Saturnian system of negative 
electrons, repelling each other mutually, and rotating round a positively charged 
and therefore attracting central mass for an atom This forecast had a partial 
fruition in Rutherford's nuclear atom of 1911, when a microscopic solar system was 
established in the atom Negatively charged electrons were revolving round a posi¬ 
tively charged central mass Hie masses and the radii of the nuolu and the electron 
were determined. The hydrogen nuoleus, the proton, was even more minutely minute 
than the electron, and yet had much greater mass The unstable atoms in Radio- 
active substances were constantly disintegrating Scintillations on a screen showed 
F. 8 
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the scattering of alpha particle* (the naclii of helium atoms) demonstrating their 
existence as discreet units. They were the positive residue after the two negative 
electrons in each atom had left it. The Atomic number came to signify the number 
of positive unit charges on the atomic nucleus corresponding to the number of extra 
nuclear electrons. The Atomic weights represented the number of protons in the 
nuclii. 

The circling electrons of Rutherford, as they altered their speeds or changed 
their directions, would radiate energy continuously, and Mathematics showed that the 
radiating electrons would continually approach the nucleus and ultimately coalesce 
into it To get over this serious difficulty Nieia Bohb boldly suggested a discontt* 
nuity iu Nature His hypothesis was that in certain definite orbits an electron could 
revolve without radiating any energy at all, and that these only were possible orbits 
for constant orbital motion without emission or absorption of eneigy When the 
electron suddenly rushed from an outer to an inner orbit, it emitted a definite 
quantum of energy in the form of radiation, neither more nor lees, but varying from 
one pair of orbits to another An accession of energy could be received In definite 
quanta only, and then the electron suddenly rushed from an inner to an outer orbit. 
The permanent state of stationary eneigy was only m the innermost orbit of the 
lowest eneigy It has also been said that in the inner orbits the electron was spread 
out like a ring, in the outer orbits it contracted to a material particle The electron 
either emitted or absorbed a whole quantum of energy or none at all It was 
destined to be in one orbit or another, and there was no halfway for it It could 
not even cross the space between the two orbits. Thus the Mutakallemin’s discon¬ 
tinuity in Nature, as it were, was resurrected, and the electron could only be annihi¬ 
lated in one orbit and recreated in another, it could not continue its existence and 
cross the forbidden space in between. 

Sommsrfeld substituted elliptical orbits for circular ones, and the new orbits 
showed a precession round the focus where the nucleus lay But the electron 
was still confined to definite permissible orbits, and oould not at all move in the space 
intermediate between the prescribed orbits and only one electron was allowed 
to occupy one orbit 

Later, researches led to the discovery not ouly of protons, but also recently of 
positrons, neutrons and heavy electrons, and even the conception of neutrinos, each 
confirming the corpuscular character of matter with discreet and independent units, 
though extremely minute. 

Thus the oorpusoular theory of matter woe completely restored, though 
the indivisibility was earned further beyond the physical molecule and eyes the 
ohemioal atom, right up to the electron, positron, heavy electron, proton and 
neutron. 
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Supersession of Physios a hd Philosophy 

Newton’s corpuscular theory of light broke down when it tailed to explain the 
phenomena of interference, diffraction and polarisation These required that if one 
beam of light is split op into two, and one lags behind the other, they can destroy 
eaeh other, and should therefore possess some transverse periodic motion besides a 
longitudinal velooity Experiments have confirmed that light is an electromagnetic 
phenomenon. The wave theory of light explained the main phenomena, but the 
ether required for its propagation failed in other respects The theory broke 
down when the photoelectric effect was discovered. Now we have an imaginary 
world of four dimensions postulated in Einstein's Relativity to explain its 
behaviour 

A similar fate has overtaken matter Electrons are known to follow tracks, 
like bullets, in a Wilson Cloud Chamber, and their tracks are also observed in 
Bucherer’s Experiment No doubt Compton had discovered that X-Rays colliding 
with electrons behave exactly as a swarm of particles and are scattered as if they 
were discreet units like billiard balls Again, when a stream of electrons is made to 
fall on a scintillating screen, they spread like dots irregularly all over it, as if a 
shower like separate drops of rain were falling on the screen This confirmed the 
corpuscular character of matter But Davisson and Gebmeb found that electrons 
are scattered with a peculiarity that would be due to their diffraction The closely 
packed atoms of a solid sheet furnish a natural diffraction grating G P Thomson 
applied the principle of X-Ray powdered photograph and let a pencil of electrons fall 
on a thin metallic film, almost transparent, and then on to a photographie plate. The 
image that was produced had a central spot with circular nogs round it due to the 
diffraction of the electrons by the small corpuscles of the metallic film Recently 
the diffraction of whole atoms has been observed by Dempster and others. Thus 
electrons and even atoms must have some periodic motions. Neither the old 
oorposcular theory nor the wave theory which followed it can explain both sets of 
phenomena at the same time 

Since 1926, the tendency is to throw overboard all philosophical and physical 
concepts and clothe the behaviour of electrons and atoms m a complex mathe¬ 
matical garb De Brogue has introduced the idea of some kind of imaginary 
and artificial waves in a rather vague way Heisenberg and Schbodingeb have 
developed the new Quantum or Wave Mechanics, and Dirac has combined the 
theory with Relativity We now have a mathematical theory expressed in a complex 
mathematical form, which however has not even the remotest resemblance to a 
physical theory 

A new principle of Indeterminacy has been propounded, whioh makes it 
wholly uncertain bow an electron will behave. It is not a mere subjeotive, but 



( U ) 


an objective uncertainty An electron is now supposed to be a train of waves 
stretching from infinity to infinity, it can be assumed to be anywhere in this train, its 
position is unknown, but Its speed is known When however once one tries to 
observe it, the infinite train instantaneously contracts to a aero point; the position 
becomes known, but the speed becomes indeterminate The wave group must always 
be moving, cannot be stationary and its shape must be constantly changing The 
number of its crests goes on increasing with time The train of waves re pr es e nting 
an electron goes on spreading continually from infinity at one end to infinity at the 
other, bat the moment the electron hits anything, its whole infinite train immediately 
contracts to a aero point The group wave is the mathematical successor of tbs 
point Charge. But the conception of an infinite train of waves, Which instead of 
scattering away further and further, as waves must do, suddenly converges to a point 
is devoid of all physical picture 

And these artificial infinite trains of waves are not any real waves at all, nor 
CVCn waves of energy, bat mere artificial mathematical waves of Chanoe or Probability 
They are incapable of being located in space and time and are mentally incom¬ 
prehensible, their only quality being that they are expressible in mathematical 
symbols. They are nothing more than a mere mathematical fiction Such mathe¬ 
matical manipulations may be a good device or a dodge, but can hardly be considered 
to be a physical theory The whole situation has been aptly summed np by Sir 
AOThuk EddhtOton in one sentence—“ There is something radically wrong with the 
present fundamental conceptions of Physios, and we do not see how to set it 
right" 


A New Philosophy 

As the Zahiris maintained, there are undoubted limitations on the range of 
hutnan vision Man’s knowledge of Nature is strictly restricted both on the 
macroscopic and the microscopic scale With the tremendous advance of human 
knowledge the limits on both sides will undoubtedly be extended farther and still 
further, but the limitations imposed on man’s mental and intellectual powers make 
the knowledge of the absolute truths of the innermost working of Nature beyond 
his Mach. Knowledge of the abeolute Why and How can never be attainable. Man 
oan only make conjectures and speculations, and as more Amts and data bedome 
available, his theories must be modified and readjusted to fit the new discoveries 
This process has to go on and must go on almost indefinitely, the true reality alwaye 
eluding his grasp 

With die progress of centuries man’s outward vision has expanded immensely 
With bis naked eye he not only sees the solar system, but also the galsctio system 
containing the near stars. With the help of large telescopes, even extra-galactic 
tyStems aTe now visible, and millions of nebula have been observed, the light from 
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*tae of which may take 140,000,000 yean to come to the Earth When the ftNMneh 
telescope u ready, he would be able to see a million-tunes as much light as an 
uilaided eye, and yet it will be impossible to say that the outermost depth of space 
has been fathomed. There must be a super-galaxy containing all the extra galactic 
nebulas and there may still be meta-galaxies containing millions of such super¬ 
galaxies* The gigantic dimensions of the Universe, even if limited, would, for all 
practical purposes, remain infinite to human observers 

On the inner side the physical atom, ue , the molecule has already been split 
up and even the chemical atom has been broken into its constituents. We visualise 
the motions of electrons, protons, and observe the tracks of positrons and neotrons, 
and sven imagine the existence of a neutrino Imagination has not yet gone further 
•But who can doubt that there may be worlds within the smallest world that we have 
so far been able to contemplate There is every hope that with further progress 
the inner constituents of these invisible entities would be comprehended, but 
it will ever remain impossible to get into the absolute depths of the innermost 
world. 

In spite of all the discoveries that have been made, the origin of life is a 
mystery But one fact stands out prominently Life is undoubtedly something 
distinct and separate from matter Life is not a mere combination or permutation 
of electrons and nudu. No mere compounding of material corpuscles can result m 
life. Science has utterly failed to discover that hfe can be produced from inanimate 
objects All the evidence points anmistakably to the conclusion that living organisms 
ere born from previous parents The constitution and behaviour of matter have 
b4en expressed in mathematical formula representing imaginary waves of chance 
or probability Bnt Mathematics is helpless in evolving mathematical equations 
for the existence, continuance or extinction of life. Man is anmistakably conscious 
of his existenoe. There is some inner power in him which convinces him that he is 
not mere earth, water or air Deep reflection cannot but fail to impress upon him the 
belief that there is something spiritual or divine in him which is not identifiable 
With mere matter, and that his existence is a reality and not a fiction 

The modern eonoeptions of Physics have led us into a eul de sac, and created 
a deadlock. It may well be that we chose a wrong path and find ourselves now 
confronted with anomalies and contradictions, and even absurdities We shall be 
driven further and further away from reality until we retrace our steps and find out 
the right path which would enable us to get nd of the illusory world we have 
invented, and to perceive something oomprehensible and rational, whioh would 
present before our minds the real world. 

of the supposition of a discontinuity in Nature, whioh alone can explain 
the disappearance of an electron from one orbit and its sudden reappearance in 
another without crossing the space in between, it may well be that a lighter corpuscle 
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after certain intervale when it has reached an unstable stage Is by an internal explo¬ 
sion shot off from the electron and by reaction gives a backward momentum to the 
parent body, which behaves as if a sudden impulse has been Imparted to It This 
would have the necessary effect of changing the instantaneous orbit Urns the 
electron after each of such emissions would begin to move from that very point in 
a new orbit, and not that it would )ump from one to another separate orbit without 
crossing any space 

The Wave Theory of light requiring a medium for its propagation has had to 
be abandoned, because the properties required of the luminiferous ether are impos¬ 
sible. Light has been fonnd to possess mass, exercise pressure and hit electrons as * 
shower of bullets would do At the same tune the Corpuacnlar Theory of light has 
broken down because of the phenomena of interference, diffraction and polarisation. 
It has not been possible to imagine how a swarm of particles, while travelling 
forward, would possess a periodic transverse motion, nor how two beams of them 
can destroy each other To evade these difficulties the physical concept has been 
altogether abandoned, and attention exclusively concentrated on mathematical eqtw- 
tions regardless of the fact that no mental picture can be obtained. Light has 
undoubtedly four main characteristics (1) it has longitudinal motion, (2) it has a 
transverse motion, (8) its transverse motion is periodic, and (4) it is an electro¬ 
magnetic phenomenon The obvious inference is that a light corpuscle is a 
binary system, consisting of one positive and one negative charge rotating round 
each other under their mutual force of attraction, the whole system travelling 
forward with the velocity of light. Such a structure easily fulfils all the required 
conditions and would explain both sets of apparently contradictory phenomena. 
The corpusoular character would be exhibited when light is observed iu its longitu¬ 
dinal motion; whereas the wave character would evince itself when it is obeerved 
transversely 

With the lapse of time there would be a partial mutual discharge, decreasing 
the electric force between the two constituents, reducing the frequency of rotation 
and diminishing the eneigy Light from distant nebulas will in the course of its 
passage through space during millions of years undergo an inherent loss of eneigy, 
and therefore a decrease of its frequency without there being tremendous velocities 
of recession for all nebula away from the earth as centre and increasing with their 
distances from it Indeed, the spectral shift from the nebula would be easily 
explicable even if there were a uniform, almost statical distribution of the nebula 
In the Universe 

In toe course of long ages while travelling through spaoe toe mutual attractive 
force may gradually become so feeble as to allow toe two components to part 
oompany. There would be then a swarm of positively and negatively charged 
particles which may appear to us as highly penetrating Ooamio Bays; Again, 
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ths fester spinning Cosmic Bay and yBay corpuscles, requiring greater attractive 
force for their stability, would on oollision with atoms more easily split up 
into their positive and negative components than light ray corpuscles of smaller 
frequency 

The transverse periodic effect can also be produced by a rotating magnet 
which gn electron can be Such a double-poled magnet, like the binary corpuscle 
of light, can easily show interference and diffraction effects With such conceptions 
of the structure of light and material particles, the need for introducing imaginary 
mathematical waves of chance and probability, apart from the average effect of an 
assemblage, wonld altogether disappear, and light like other material particles would 
be a comprehensible electromagnetic phenomenon 

Newton's hypothesis that the law of Gravitation remained exactly the same 
whether the attracting body was stationary or moving, howsoever fast, necessarily 
involved the assumption that gravitational influence was exercised instantaneously 
and therefore the velocity of gravitational propagation must be almost infinite 
From the assumption that material bodies were immersed in some sort of fluid ether 
which presses on them, Laplace deduced that the velocity of gravitation would be from 
the attracted body towards the attracting body and that unless the velocity were 
more than 6 million-times the velocity of light retardations caused in the motions 
of the planets in a couple of centuries would be so large as to be easily detectable 
But the direction of the velocity of gravitation may well be from the attracting body 
towards the attracted body and not the reverse, and a resisting medium may counter¬ 
act the acceleration Further, Laplace overlooked the effect of the retarded 
potential, which must be taken uito account as all the heavenly bodies are in motion 
and none stationary Both Lorentz and Eddington have calculated the value of 
such retarded potential If their formula be applied to the almost constant mass of 
attracting bodies, the startling result is that the first order terms vanish altogether 
and the perturbations, which Laplace had feared, would be practically non-existent 
being of the second order terms only No insuperable mathematical difficulty 
therefore intervenes in the supposition that the velocity of gravitation is finite or 
that it is equal to the veloeity of light. 

So far it has been assumed that Coulomb's law of electrical attraction and 
repulsion is absolutely exact, and that the magnitude of the force of attraction 
between two opposite unit charges at a uuit distance apart is exaotly equal to that 
of the force of repulsion between two similar unit charges at the same distance apart 
Bat in foot this assumption may not be exactly true, and may be only almost exactly 
true, leaving a small residue of excess of the attractive over the repulsive force 
This would result in a net attractive force between two atoms, but this extremely 
small difference would be imperceptible as compared to electric forces When 
how e ver two large masses are considered, the combined residue of ail the atoms in 
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the two bodies would produce as accumulated attractive force, which is obser ved 
as the force of gravitation In tins way gravitation can be completely identified 
with electricity, with which light has already been identified. Hus these three great 
phenomena, which appear to be different, become completely unified, and it is no 
wonder that they all possess the same velocity of propagation. 

Nature possesses uniformity and harmony, it is only Man's knowledge that 
is imperfect 



ADDRESS OP THE CHAIRMAN 

Dewverkd at the Annual Mretihh or the National Academy or Sciences, 

India, on februaby 4, 19,W 

By the HoN’MiE Sri Sampurnanand, M L A 
Minister of Education, the United Pbovinceb 

I do not know if, after asking me to preside over this function, you began to 
feel sorry for your mistake An active politician, particularly one who has some 
hand in the administration of a big province like ours, in the abnormal times through 
which we are passing, is hardly an ideal president for a gathering of Scientists, who 
are supposed to have their abode in a serene world, which is not subject to the 
doubts and uncertainties and passions which constitute the world of the ordinary 
man You ore worshippers of Truth, the pure Truth, and your regions are peopled 
With those eternal verities of which the philosopher speaks so yearningly 

But what after all is this Truth ? There was a time when the Theologian 
claimed to know it and all about it He claimed to have received knowledge of it 
through direct revelation This claim was contested by Soience as the field of 
scientific researoh widened Growing in power, acquiring self-confidence with 
every advance in knowledge, Science finally rejected the claim of Theology and 
Religion to know and expound the Truth and set up new gods of its own in the 
temples from which the old images had been dethroned 

It was a brilliant pantheon There was the great Atom whose dignity was, 
if anything, enhanced by the discovery that it was a miniature Solar System 
composed of protons aud electrons, there was that mjstenous, all-embracing, jelly, 
the ether, there was the great law of gravitation which held together the whole 
universe from the most distance of the receding nebulae to the proverbial New¬ 
tonian apple, there were the laws of the couservntion of mass and energy, Space 
aud Time were there, obej mg the laws of Arithmetic and Euclidean Geometry 
True, there were also those two disturbing factors life and mind. The transition 
from crystal to protoplasm and from protoplasm to consciousness was not easy to 
describe it is difficult to understand, how extra-mental vibrations transform 
themselves into thoughts and feelings which, notwithstanding all that the advocates 
of Behaviourism have been telling us, cannot be completely explained away But 
in spite of the uncertainties caused by these factors. Science had supreme confidence 
in itself and its methods it seemed to have reached the solid bedrock of Reality and 
the exploration of what was still obscure was but a question of time 
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But this self-complacency has now vanished Science is no longer sure of ita 
foundations The quantum hypothesis and its logical implications seem to indicate 
the existence of something which is allied almost to free will in the behaviour of 
atomic constituents and, consequently, defies prediction, Euclidean Geometry is 
found to be but a logical structure based on nxioms and postulates which have no 
necessary objective validity, m spite, Sir Shah Sulaiman, of your valiant champion¬ 
ship, Newtonian physics seems to have all but abdicated m favour of Relativity, 
the ether has been relegated to the region of myths and we are assured that we are 
tho denizens of an expanding universe which is at once limitless and finite Space, 
timo and the relntion, if any, between tbe two foroes, matter, energy—it is difiicult to 
say at the present day what these terms stand for, where ail was rhythm and Law, 
the Principle of Indeterminacy is a recognized and orthodox doctrine, in so far as 
such a thing can be called a doetnne The other sciences have landed themselves 
in no less surprising positions and their mam problems arc as far from solution 
ns ever The researches of Freud, Jung, Adler and the other psycho-nnalysts have 
enabled 11s to probe deep into the working of the human mind and comparative 
psychology and child-study have been no less helpful, the researches of Jagdlsh 
Bose hnvc shown us the striking similarities m the response to stimuli of inanimate 
and animate mntters but life and consciousness remain as much elusive mysteries 
as they were before 

The effect of all this on the scientific mind, on the general outlook of scientific 
man—a subject on which you are really more competent to speak than I—has been 
remarkable The attitude of smug self-sufficiency, the superiority-complex born of a 
false assumption of omniscience, the sense of sneering contempt for religion and the 
summary dismissal of all extra-scientific attempts to arrive at the Truth, have gone 
nevei, I hope, to return The words of the poet are coming to be increasingly realized 

“ Let knowledge grow from more to more, 

But more of reverence in us dwell M 

I try to keep mys< If abreast of modern researches and tendencies in Science 
difficult as the tusk is, and I have been a humble student of certain other 
branches of study ns well It gives me joy to see the gulf between Science and 
Metaphysics being bridged and I hope you will excuse me if I say, without 
going into the reasons for my statement, with all the force of conviction of which 
I am capable, that if scientific men would turn to some of the methods of the 
mystic, the methods of Patanjali, they would see light where today it is all 
groping in the dark After all, Science has progressed not only through mechanical 
experimentation bat because men of science hate had brilliant imagina tions, unac¬ 
countable intuitive visions of the Truth, flashes of genius whioh cannot be *v pl<t»ned, 
over-mnstering capacity of concentration, nnd they wonld be false to themselves and 
their mission if they refuse to make use of instruments and methods which ore 
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reputed to sharpen and make more precise these powers of the human nund You, 
in ypur own way, are on the quest of that which is the substratum of all that we see, 
you, in your own way, have come to the conclusion that the world of nature from the 
mightiest of Suns to the electron, from the man to the amoeba, is subjective, 
in a very real sense Does not that great wizard of modern Astronomy, Sir James 
Jeans, posit that the Universe cannot but be pure thought in the mind of a 
master mathematician, whom you may call God or not, as you choose? Docs not 
Eddington observe — 

“ Leaving out all aesthetic, ethical or spiritual aspects of our environment, wo 
are faced with qualities such as massiveness, substantiality, extension, 
duration, which are supposed to belong to the domain of ph>sics In a 
sense they do belong, but phj sics is not m a position to handle them 
directly The essence of their nature is inscrutable, we may use mental 
pictures to aid calculations, but no image in the mind can bo a replica of 
that which is not in the mind And so, in its actual procedure, physics 
studies not these inscrutable qualities, but pointer-readings which we can 
observa The readings, it is true, reflect the fluctuations of the world- 
qualities but our exact knowledge is of the readings, not of the qualities 
The former have as much resemblance to the latter as a telephone number 
has to a subscriber ” 

Or, as he observed in another place — 

“The stuff of the world is mind-stuff The mind-atuff is not spread in space 
and time, these are part of the c>cho sc heuie ultimately derived out of it.” 

Is this very different from what the philosopher sn>8 when he speaks of the 
universe as a wtatw? About that which lies beyond and behind all this, the 
Vedanti says “ that, which being known, all this becomes 

known." Again, when speaking of the impassable gulf which seems to separate 
matter from mind, have you cared to study Kapila’a system, m which both have been 
derived from WPI? I will not tire you out with such references but I am conviuccd 
that study of this kind will do inestimable good to both Science and philosophy 

This is one of the spheres in which Science has had to cry halt There is 
another sphere in which, I hope, there is considerable searching of heart among 
scientific men Apart from its great function of satisfying human curiosity giving 
ns intellectual and aesthetic satisfaction, Science has the more practical responsibility 
of satisfying certain human needs. If the amenities of life today are greater than 
they ever were before, if there is greater control over disease and death, if humanity 
is more like a family than at any other period in its history, the credit for all this 
most go to Science fiut equally to Science must go the discredit for all the 
mutilation, incendiarism, the painful death and insane destruction of innocent life 
and property, that make modern warfare so hideous The sms of imperialism and 
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capitalism arc great but the sins of Science, which has made all this possible, are 
greater Knowledge is good in itself and it is a powerful instrument for good but 
it is an equally powerful instrument for evil Everyone is not fit to wield this 
l>ower that is why in our country it was laid down that knowledge is to be imparted 
only to those who are OTTW, fit vohicles for it And, m any case, the man of Science 
should not prostitute his genius before the wielders of temporal or financial power 
He, as the Brahman of today, should realise the dignity of his position and it should 
be part of his vocation to rnise not only the standard of knowledge or comfort of 
humanity but to raise the level of its spiritual sense ns well It is not enough to 
cater to the demands of man, as wc find him, today , it is also necessary to decide 
what kind of man we want to inhabit this earth So far, Science has neglected this 
duty, with the result that life has today become n hideous nightmare S< lencc will 
neglect this duty further at its peril its will be the responsibility for the inevitable 
collapse of civilization and all that man holds beautiful and sacred 

Coming now to some of the specific problems nearer home, there can be no 
two opinions abont the place of Science in the life of the India of today and 
tomorrow We are on the threshold of great changes. Our country is very soon 
going to tako its place m the county of free nations Wo have vast resources, on 
the surface and below it, of which we are not even aware, even those that are 
known are insufficiently tapped Again, it is forgotten that these forest and mineral 
resources are assets which should be exploited, for the good, not of individuals or 
corporations whose sole aim is to make a profit, but of the community, of the nation, 
certainly, and of humanity as a whole, if mankind is ever better organized Much 
of this wealth cannot be reproduced and must be conserved. There are vast areas 
which are lying barren they could be covered with smiling vegetation There are 
diseases which find our climatic and socio-economic conditions peculiarly favourable 
they have to be combated, so have famine and flood and early death. The vitality of 
the people has to be raised, healthier and less fatiguing methods of work have to be 
devised and their earning capacity and incomes augmented For help in organizing 
all this, we look to the Scientist He should be the guide, philosopher and friend 
of the people and of those who administer the affairs of the people in their name and 
on their behalf Inspired by a genuine love of Truth and a desire to serve humanity, 
he should work as the Brahman of old did, not for name or the love of money 
Party factions have no meaning for lum Above all, the Indian 8oientist has to 
remember that it is his privilege to help in the regeneration of a country with noble 
traditions of scholarship and public service, but, withal, a country which, today, is 
among the poorest of the poor and cannot give adequate recompense or recognition 
to scholarship and research Cramped as we are, we have great minde of which any 
oountry may well be proud Bose and Raman are names to conjure with, in the 
world of Science Our own laboratories have been the scenes of memorable 
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researches and the work of Meghnad Saha, Birbal Suhm, Nil Ratan Dhar and 
Bholanath Singh has met with appreciation bejond our frontiers This is but 
natural This province has been the so it of great centres of k truing from time 
immemorial and is, I have no doubt, destined to make still greater contributions to 
human knowledge 

The existence m our midst of an association like jours should prove a great 
incentive to scientific research and provide that common meeting ground where all 
those who arc engaged in such work can come together, compare notes and make 
plans for co-ordinated effort for the future It should be possible to have greater 
co-operation than exists today between jou on the one hand and the Government, 
industrialists and educational authorities on the other I wish jou a verj prosperous 
career of public service and hope tli it jour deliberations 111 this session will prove 
of value to the realm both of puro and applied Science 



VOTE OP THANK8 

To thk Hon bi.e 8ei 8amfuiinanand, M LA ,Chairman of thf Eiohth annual Meeting 
OF THE NATIONAL ACADEMY OF bUCNCES, INDIA, HKID ON FkBKDABY 4, 1939 

By A C Banerii, MA, M8c, IES and K N Baud, DPhil, D8c 

Proposing a vote of thinks to the HonTilo 8n Snmpnrnanand, on behalf of the 
National Academy of Sciences, for accepting the invitation to preside over the 
annunl function, Prof A C Bancrji said — 

He thanked the Hon’blo Munster for very kindly accepting the invitation to 
preside over the annual meeting and he hoped that the Hon’ble Minister would 
continue to take keen interest in the welfare of the Academy 

Seconding the vote of thanks Prof K N Bahl said — 

I have great pleasure in seconding the vote of thanks to the Hon’ble Minuter 
proposed by my friend Professor A C Banerji Extremely busy aB the Hon’ble 
Minuter is, it is very good of him to have come down to Allahabad to attend our 
annual meeting and to spcik to us He has given us a critical appreciation of the 
benefits of scientific research but he has also spoken of the weapons of destruction 
invented by men of science I am not sure if the scientists alone are to blame, for 
I have no doubt that the blame for destruction must be shared to a large oxtent 
by the active politicians who make use of the scientific workers for their own 
political purposes 

I once more thank the non’ble Munster for hu kindness, and I am sure you 
will join mo in according him our best thanks 

Vote of Thanks 

To the Retiring Office Bbarhrs of the National Academy of Sciences, Inpia 
By Saligham Bhaiwava, MSo, and S Durr, DSc, PR.8 

Proposing a vole of thanks to the retiring office-bearers of the National 
Academy of Sciences, India, Prof Sahgrnm Bhargava said as follows at the annual 
meeting of the Academy hold on February 4, 1939 — 

Sir, 

I rise to move a vote of thanks to tho retiring officers of the Academy Out 
of these Professor Sahm has retired but others, Dr Bhattaoharya, Dr. Mohrs, 
Dr Sane and Dr Pearey Lai, have changed their offices. Thus their experience and 
advice will still be available to the Academy Some of them bad to retire having 
been in their offices for a full term of four years. According to the rules they 
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coaid not continue longer It is hoped that they will contribute as much to the 
progress of academy in their new offices to which they have been elected 

Seconding the vote of thanks Dr S Dutt said —■ 

I have much pleasure 111 seconding the vote of thanks proposed by Prof 
Saligrnm Bhargava to the retiring office-bearers The retiring office-bearers have 
very successfully guided the destinies of the \cadcmy during the pist several years, 
and, although they are retiring, I have every hope that their experience and advic e 
will be available to their slice essors 



APPENDIX 1 

Abstract of the Proceedings 

The Council resolved that Prof N R Dhar and Dr S Dutt be nominated to 
the Council of the National Institute of Sciences of India for the year 1038 as 
Additional Vice-President and Additional Member respectively on behalf of the 
National Academy of Sciences, India. 

The Academy passed the following resolutions — 

That the Government of the United Provinces is requested to appoint a com¬ 
mittee consisting of eminent law} ors, scientific experts and representatives of 
industry to study the present electricity act and to recommend necessary legislation 
required to nationalise the generation and distribution of electricity with a view 
to make the supply of electrical power in this province cheap and abundant. 

That the Government is requested to select a body of graduates in physics and 
electrical engineering* to study the methods of construction of power-station and the 
organisation of generation And distribution of electrical energy in foreign countries 
like England, Russia aud Switzerland It is desirable that the body should consist 
of an expert and experienced electrical engineer who will be in charge of a batch of 
four students to study the different aspects of the question, i e , two for studying 
constructional details, one for studying the methods of distribution of electricity, 
and one for studying the economics of production and distribution 

That the Government is requested to appoint a permanent body to study the 
natural resources of power existing within or in the neighbourhood of the province 
Tho person in charge of the above-said body should be a competent electrical 
engineer with experience and knowledge-fif the different branches of Science, vtx* 
physics, fuel-engineering, hydro-electric engineering, which are required for such 
kind of survey work 

The National Academy of Sciences notes with regret that the Government of 
the Uuitod Provinces, while appointing an Electricity Committee, did not consider 
it necessary to ask this Academy to nominate a s|iecialist to serve on the said 
Committee and requests the Government to consider the advisability of associating 
representative or representatives of this Academy with all those investigations in 
which scientists can make useful contributions 

The Council accepted with great regret the resignation of Prof B. Sshui from 
the Presidentship of the Academy and placed on record its deep appreciation of the 
services rendered by him to the National Academy of Soienoes, India 
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It was unanimously resolved that the HonTile Sir Shah Muhammad Sulaiman, 
Kt, M.A, LL D, D 80 , Judge, Federal Court of India, and Vice-Chancellor, Muslim 
University, Aligarh, be elected President of the National Academy of Sciences, India, 
for the residue of the term of Prof B Sahm 

It was decided to bring out a booklet on the Problems of Power Supply in 
India. 

It was resolved that Prof Saligram Bhargava and Dr S Dntt bo nominated 
editors in fhe places of Prof M N Saha and Prof N R. Dhar 

The following members were elected Fellows of the Academy in the Fellows’ 
Meeting held on November 20,1938 — 

1 Ram Behan, M A , Ph D, Reader in Mathematics, University of Delhi, 
Delhi 

2 Saradmdu Basu, M 8 c, Meteorologist, Upper Air Observatory, Agra 

The following members were nominated delegates to represent the Academy 
at the meetings of the Indinn Science Congress held at Lahore m January, 1939 — 

1 Sir Shah Muhammad Sulaiman, Kt., MA, LLD,DJ3c., Judge, Federal 
Court of India, New Delhi 

2 AC Banerp, M A, M.Sc., F.It.A 8 , F NI, I E S, Professor of Mathema¬ 
tics, Allahabad University, Allahabad 

3 J ILMitter, MJSc, PhD, Professor of Botany, Allahabad Umvcrsitj, 
Allahabad. 

4 H. R. Melira, M Sc, Ph D, F NI, Reader in Zoology, Allahabad University, 
Allahabad 

5 D S Kothari, M So, Ph D., F NI, Reader in Physics, University of Delhi, 
Delhi. 

It was resolved that His Exalted Highness the Nizam of Hyderabad (Deccan) 
and the Hon’ble Sir Shah Muhammad Sulaiman, Kt., M.A, LLD., DSc., Judge, 
Federal Court of India, New Delhi, be clocted Benefactors of the National Academy 
of Sciences, India 

The following members were elected Office-bearers and Members of the 
Council of the National Academy of Sciences, India, for the year 1939 — 

Phesimnt 

The Hon’blc Su Shah Muhnmmnd Sulaiman, Kt, M A n LLD, D Sc, F NI 

Vice-Presidents 

H R.Mehro,MSc,PhD,FNI 

S. M Sane, BSc, PhD 

Hony Treasurer 

Saligram Bhargava, M Sc. 

FO 
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General. Secretaries 
Shn Ranjan, M.8c (Cantab ), D Sc., F A Sc 
D S Kothan, MSc, PhD.FNI 

Foreign Secretary 
I) R Bhattacharya, D Sc, PhD„ F.Z S M FNI 

Members op the Council 
S B Dutt, D8c, PR.8, FNI 
M R. Siddiqm, M A , Ph D, F NI 
A C Bnnerji, M A, MSc, FR A S, IES , F N I 
P L Hrivastava, M A , D Phil (Oxon ), F N I 
Ruo Rahndnr B Viswannth, FIC, FNI 
M N Saha, I) Sc., F R.8, F N I 
K N Bald, D8c, DPhil, FNI 
J C Ghosh, DSc, FNI 
A M Kureishy, M A 
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Office-bearers and Mfmberh op the Council op the National 
Academy of Sciences, India, for the year 1938 

President 

B Sahni, D Sc, Sc D, F R.S, F NI (Resigned Pi esidentship on April 29,1938 ) 
The Hou’ble Sir Shah Muhammad Suleiman, Kt, M A, LL D, D Sc, F NI 
(Elected Pi esident on July 17,1938) 

V icf-Prfjsidenth 
D R Bhnttacharya, DSc, Ph D, FZS, F NI 

The Hon’ble Sir Shall Muhammad Suleiman, Kt, M A, LL D, D Sc, F NI 
(One Vice-Presidentship remained vacant ftom July 17, 1918) 

Hony Treasurer 
H. R Mchrn, MSc, PhD, FNI 

Gfneral Secretaries 

8 M Sane, BSc, PhD 
P L Snvastavn, M A, D Phil lOxon), F NI 

Foreign Secretary 
M N Saha, DSc.FRS, FNI 

Members of thf Council 

S B Dutt, D Sc, P R8., FNI 
N R Dhar, D Sc., FIC,IES,FNI 
J A Strang, M.A., B Sc. 

K N Bahl,DSc.,DPhil, FNI 
Shri Ranjan, D So 
J C Ghosh, DSc, FNI 
A C Bnneni, M A., M Sc., F RA S, IE S, F NI 
Sam Higginbottom, Ph D 
S K Banei-ji, D So^ FNJ 
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{Arranged alpftabettcally) 


*—Denotes a Fellow 

f— Denotes a Fellow of the National Institute of Sciences of India 


Date of 
Election 


Alphabetical List of Members 


31-10-35 
20-4-36 * 

20-4-35 f * 
17-4-31 * 

10-5-35 + * 

1-1-30 f * 

1-1-30 t * 

22-12-32 t * 
10-5-37 

20-4-36 * 

17-4-31 * 

31-10-35 f * 

19-3-31 * 

17-4-3L 

17-4-31 


17-12-35 


15 - 9-36 


Agnrwal, Rai A mar Nath, Ban Kothi, Doraganj, Allahabad 

Ahmad, Ziauddin, DSc, Vice-Chancellor, Muslim University, 
Aligarh. 

Ajrekar, Shnpad Lakshman, B A, IES, 855 Bhamburda, Poona. 

Asundi, R K, Ph D, Reader, Physics Department, Muslim Univer¬ 
sity, Aligarh 

Ayyangar, Q N Rnngaswami, Rao Bahadur, BA, IA S, Millets 
Specialist to the Government of Madras, Agnculttiral Hpjparoh 
Institute, P O Lawley Road, Coimbatore 

Bahl, K N, D Phil, D Sc, Professor of Zoology, Lucknow Univer¬ 
sity, Lucknow 

Banerp, A C, M.A, M.Sc, F R. A 8, I £18, Professor of Mathema¬ 
tics, Allahabad University, Allahabad 

Bancrji, S K, D Sc, Meteorologist, Ganeshkhind Road, Poona 5 

Ban, Abdul, M Sc, Lecturer in Botany, Osmania University, 
Hyderabad, Deccan 

Basu, N M, D Sc, 7 Bakshi Bazar Lone, Dacca. 

Baau, Saradindu, M.8c., Meteorologist, Ganeshkhind Road, Poona 5 

Bharadwaja, Yajnavalkya, PhD, Professor of Botany, Hindu 
Uuiversity, Benares 

Bhargava, Sahgram, M.Sc, Reader, Physics Department, Allahabad 
University, Allahabad 

Bhargava, Vashishta, MSc, ICS, Sessions and Subordinate 
Judge, Agra. 

Bhatia, K B, ICS, Finance Department, U P. Secretariat, 
Lucknow 

Bhatia, M. L, M Sc, Lecturer in Zoology, Lucknow University, 
Lucknow 

Bhatnagar, Birendra Kumar, B Sc, Bank Road, Allahabad 
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Date of 
Election 


Alphabetical Last of Members 


21- 4-33 f * 

20-12-34 

17-4-31 
1-1-31 f * 

20-4-36 * 

20-4-36 f* 

31-10-35 

10-5-35 t * 

1-1-30 t * 

17-4-81 * 

10-5-37 

9- 2-34 

17-12-35 

10-5-37 

10- 5-35 f * 

81-10-35 
28-10-32 * 

22- 12-32 * 

10-8-31 * 

17-12-85 • 

20-7-36 
20-4-38 f • 


Bhatnagar, 8.8, D Sc., O B EX, Professor of Chemistry, Govern¬ 
ment College, Lahore 

Bhattacharya, A K, D Sc., Chemistry Department, Allahabad 
University, Allahabad 

Bhattacharja, D P, M 8c, Bareill) College, Bareilly 
Bhattacharya, D R, M.Sc, Ph D, Doctenr 6s Sciences, Professor 
of Zoology, Allahabad University, Allahabad 
Bose, N K, Ph D, Mathematical Officer, Irrigation Research 
Institute, Lahore 

Buxridge, W, D M, M A. (Oxon), Professor of Physiology, Lucknow 
University, Lucknow 

Chakravarty, D N, D Sc, Professor of Chemistry, College of 
Science, Nagpur 

Champion, II G, M A, Sylviculture Imperial Forest Research 
Institute, Dehra Dun 

Chatterp, G, M Sc , Meteorologist, Upper Air Observatory, Agra 
Chatterp, K. P, M.8c , A IC, PCS, Reader, Chemistry Depart¬ 
ment, Allahabad Umvereit), Allahabad 
Chatter] i, N G, D Sc, H B, Technological Institute, Cawnpore 
Chaturvedi, Pandit Champa Ram, Professor of Mathematics, 
St. John’s College, Agra. 

Chaudbury, K, Ahmad, M*Sc, Wood Technologist, Imperial Forest 
Research Institute, Dehra Dun 

Chaudhury, 8 8, M.A, M.Sc, Kadam Kuan, P O Banktpore, 
Patna 

Chopra, R N, Lt-Col, CIE, MB, IMS, Director, School of 
Tropical Medicine, Central Avenue, Calcutta. 

Dabadghao, V M, Physics Department, College of 8uence, Nagpore 
Das, A. K, D Sc, Upper Air Observatory, Agra 
Das, B K, D Sc, Professor of Zoology, Osmania University, 
Hyderabad, Deccan 

Das, Ramsaran, D 8c, Zoology Department, Allahabad University, 
Allahabad 

Du Gupta, 8 N, M.Sc, D I.C, Ph D, Reader m Botany, Lucknow 
Umvemty, Lucknow 

Dan, A T, Dharam, M Sc, 13 Strachey Road, Allahabad 
Datta, 8, D Sc., DIC, Professor of Physics, Presidency 
College, Calcutta. 
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Date of 


Election 


16-9-87 


17-4-81 

* 

81-10-36 


29-2-32 


17-4-31 

* 

1-1-30 

t * 

81-10-35 


23-4-37 


28-10-32 


CO 

4 

c— 

t * 

19-3-81 


1-2-37 


20-4-36 


22-2-38 


20-4-36 

t * 

8-11-33 

t * 

19-3-31 

* 

19-8-31 

* 

20-4-86 

t * 

17-4-31 

« 


Alphabetical List of Members 

Dayal, Jagadeshwan, M.Sc, Zoology Department, Luoknow 
University, Lucknow 

Deodhar, D B., Ph D., Header, Physics Department, Lucknow 
University, Lucknow 

Desai, M. 8, M.Sc, Professor of Physics, M.T B College, Surat. 

Deb, Suresh Chandra, DSc, Research Physicist, Bose Institute, 
Calcutta. 

Dey, P K, M 8c, I AJS, Plant Pathologist to Oovernment, United 
Provinces, Nawabganj, Cawnpore. 

Dhar, N R, D Sc, Docteur 6s Sciences, PIC, I E.8, Deputy 
Director of Public Instruction, U P, Allahabad 

Dube, Qanesh Prasad, M Sc, Lecturer in Physics, Balwant Rajput 
College, Agra. 

Dubey, V S, M Sc, Ph D, D LC, Professor of Economic Qeology, 
Hindu University, Benares 

Dutt, A K, D So, Research Physicist, Bose Research Institute, 
Calcutta 

Dutt, S B, D.Sc, Reader, Chemistry Department, Allahabad 
University, Allahabad 

Dutt, S K, MSo, Zoology Department, Allahabad University, 
Allahabad 

Gandhy, Darabshnw J, Esq, Agricultural Engineering Deptt, 
U P, Cawnpore 

Ganguly, P B, DSc, Professor of Chemistry, Science College, 
Bankipore P O, Patna. 

Ghatak, Narendranath, MSc, DSc, Chemical Assistant, Indian 
Stores Department, Government Test House, Alipore, Calcutta. 

Ghosh, J, M.A, Ph D, Professor of Mathematics, Presidency College, 
Calcutta. 

Ghosh, J C, DSc, Professor of Chemistry, Dacca University, 
Dacca. 

Ghosb, R. N, DSc, Physics Department, Allahabad University, 
Allahabad 

Ghosh, Satyeshwar, D So, Chemistry Department, Allahabad 
University, Allahabad. 

Ghosh, S L, Ph.D, Professor of Botany, Government College,'Lahore 

Gupta, B. M, Ph D, Deputy Public Analyst to Government, United 
Provinces, Lucknow 
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Date of 
Election 

10-5*87 
17-4-31 
10-5-37 f 
'J1-12-36 

10-5-37 

20- 4-36 
3-4-34 
10-5-37 

10-5-37 
15-9-31 t 

21- 4-38 
9-2-34 f 

3-4-34 f 

5-10-33 

31-10-35 

10-5-37 
1-1-30 f 
15-9-37 
31-10-35 f 
31-10-35 


Alphabetical List of Members 

Gupta, K M, M So, D 8c, Professor of Biology, M T B. College, 
Surat. 

Higginbottom, Sam, D Phi!, Principal, Allaliabnd Agricultural 
Institute, Naim, E I It, Allahabad 
Husain, M. Afaal, Khan Bahadur, M A, M Sc, IAS, Vice- 
Chancellor, Punjab University, Lahore 
Husain, Zahur, BA (Hons), c/o Prof A K Nyaaee, MA, 
Superintendent, The ‘ Quadrangle ’ Hostel, Government 
College, Lahore 

Ishaq, Mohammad, PhD, Physics Dcptt, Muslim University, 
Aligarh, U P 

* John, C C, Professor of Zoology, Agra College, Agra. 

Joshi, A D, P E.S, Lecturer, Training College, Lucknow 
Kalapesi, A S, B.A, BSc, DIO, PhD, FK.G8, Professor, St 

Xavier's College, Criuckshank Road, Fort, Bombay 
Khan, A 8, M Sc, D D PI, Bihar, 7 Strand Road, Patna. 

* Kichlu, P K, D 8c, Department of Physics, Government College, 

Lahore 

Ktshen, Jai, M.8c., Professor of Physics, 8 D College, Lahore 

* Kothan, D S, MJ9c, Ph D, Professor of Physics, Delhi University, 

Delhi. 

* Krishna, Shn, Ph.D, DSc, FIC, Forest Biochemist, Imperial 

Forest Research Institute, Dehra Dun 
Kureishy, A M, M A, Reader in Mathematics, Muslim University, 
Aligarh 

Lai, Rajeudra Bihan, M.Sc, Assistant Traffic Superintendent, 
E.I R, c/o Babu Basant Behan Lall, B A, Partabgarh City 
COudh) 

Mahabale, T S, BA, M Sc, Depth of Biology, Gujarat College, 
Ahmedabad 

* MacMahon, P 8, BSc. (Hons), MSc, Professor of Chemistry, 

Lucknow University, Lucknow 

Mahadevan, C,MA, D8c, Assistant Supenntendent, Hyderabad 
Geological Survey, Hyderabad (Deccan) 

* Maheshwari, Panchanan, D Sc, Botany Department, Allahabad 

University, Allahabad. 

Majumdar, R C, M.Sc., Ph D, Bose Research Institute, 93 Upper 
Circular Road, Calcutta. 
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Date of 
Election 

10-6-37 

31-10-36 

31-10-35 

8-11-33 

17-12-35 f 

19-3-31 

1-1-30 t 

19- 3-31 t 

1-1-30 

23-4-37 

31-10-35 

10-5-37 

20- 4-35 f 
1-1-30 

22- 2-33 

23- 4-37 
20-4-35 f 

31-10-35 

16- 8-35 

17- 4-31 
3-4-33 t 

16-6-36 f 


Alphabetical List of Members 

Mathur, A P., M.Sc„ DIC, D 8c., Principal, Darbar Intermediate 
College, Rewa, CI 

* Mathur, K. N, D Sc., Lecturer in Physics, Lucknow University, 

Lucknow 

Mathur, Lakshmi Sahay, M.8c., Upper Air Observatory, Agra. 

* Mathur, Ram Behan, M.Sc., Professor of Mathematics, St 

Stephenson College, Delhi 

* Matthai, George, MA, 8cD, F.R8E., IE8, Professor of 

Zoology, Punjab University, Lahore 
Mazumdar, Kanakendu, D 8c, Physics Department, Allahabad 
University, Allahabad 

* Mehta, K C, Ph D, M So., Agra College, Agra. 

* Mehm, HR, PhD, Reader, Zoology, Department, Allahabad 

University, Allahabad 

* Mitter, J H, M8c, PhD, Professor of Botany, Allahabad 

University, Allahabad. 

* Misra, Avadh Behan, D.Se., D Phil, Deptt of Zoology, Benares 

Hindu University, Benares. , 

Mohan, Ananda, B 8c., Assistant Traffic Superintendent, EI JR., Chief 
Commercial Manager's Office, 105 Clive Street, Calcutta. 
Moudgill, K. Im, Pnncipal, H H Maharaja's College of Science, 
Tnvendrum (Travancoro State) 

* Mowdawalla, F N, M A, MIEE, Mem AIE E, M.I E, 301, Frere 

Road, Fort, Bombay 

* Naraj an, Lnxini, D 8c, Reader, Mathematics Department, Lucknow 

University, Lucknow 

* Narliker, V V., M.A n Professor of Mathematics, Benares Huidn 

University, Benares 

* Nath, Raj, DI C, t Ph D. t Deptt. of Geology, Benares Hindu 

University, Benares 

* Normand, C W B, MA, DSo., Director General of Obser- 

vatones, Poona. 

Oak, V G, M 8c, IC 8, Additional District Judge, Meerut. 

Pande, Kedar Dat, M So., Lecturer, Training College, Agra 

* Pandys, K. Ph D., St Jonh's College, Agra. 

* Panja, P K, M A, IE S, Ravenshaw College, Cuttack 

* Pinfold, Ernest Sheppard, M.A., FG S n Geologist, Attock Oil 

Co., Ltd, Rawalpindi, 
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Date of 
Election 

18- 9-85 
8-4-88 t 

5-10-83 

21- 4-88 

15-9-31 f 
10-5-37 

10-5-37 

10-5-87 

20-12-84 

15-9-37 

10-5-37 

3-4-33 

23-4-37 

19- 3-31 

15-9-31 

22- 2-33 

20- 4-35 

14-3-34 t 

22-2-38 f 
1-2-30 
10-5-87 

f e 


Alphabetical List of Members 

* Pramamk, 8. IL, M.Sc., PhD, D1C, Meteorologist, Meteoro¬ 

logical Office, Poonn 5 

* Prasad, Badri Nath, Ph D., Docteur 5s Sciences, Mathematics 

Department, Allahabad University, Allahabad 

* Prasad, Gorakh, D Sc., Reader in Mathematics, Allnhabad 

University, Allahabad 

* Prasad, Kamta, M A , M Sc, Professor of Physics, Science College, 

P O Bankipore (Patna) 

* Prasad, Mata, D Sc, Royal Institnto of Science, Bombay 

Prasad, Shiva Parbati, M A (Cantab), Professor of Physics, 
8cience College, Patna 

Rahimullah, M, M.Sc., Lecturer m Zoology, Osmatna University, 
Hyderabad 

Rahman, Wahidur, BSc (Cal), Professor of Physics, Osmania 
University, Hyderabad, Deccan 

Rat, Ram Niwas, M Sc., Physics Department, Allnliabnd University, 
Allahabad 

Rama, Sbyam Lai, M Sc., Professor of Biology, S P College, 
Srinagar, Kashmir 

Ramiah, K, Geneticist and Botanist, Institnto of Plant Industry, 
Indore 

* Ram, Raja, M.A, B EL, Professor of Civil Engineering, Thompson 

College, Roorkee 

Randbawa, M 8., ICS, Assistant (Commissioner, Fyzabad 

* Ranjan, Shn, M.Sc (Cantab), Docteur 5s Sciences, Reader, Botany 

Department, Allahabnd University, Allahabad 

* Rno, A Subba, DSc, Department of Zoology, Central College, 

Bangalore 

Rao, G Gopala, B.A., M.Sc., I) Sc, Chemistry Department, Andhra 
Univenity, Waltair 

* Rao, L, Rama Krishna, M.A, Ph D, D Sc, Department of Physics, 

Andhra University, Waltuir 

* Rao, K., Rangndbarms, DSc, Physics Department, Andhra 

University, Waltair 

* Ray, Bidhubhusan, D Sc, 92 Upper Circular Road, Calcutta 
Ray, J P, M Sc, Professor, DAY College, Dehra Dun 

Ray, Ramesh Chandra, DSc., FIC, Professor of Chemistry, 
Science College, Patna, 
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Date of 
Election 

21-12-31 
23-4-37 
29-2-32 
1-1-30 f 

1-1-30 f 
17-4-31 

1- 2-33 

2- 3-37 
10-0-37 

31-10-35 f 

8-4-33 

20-4-85 f 

17-12-35 f 

20-12-34 

10-5-37 

19-3-31 

23-4-37 

31-10-35 

10-5-37 

31-10-35 


Alphabetical List of Members 

Ray, Satyendra Nath, M.So, Physios Department, Lucknow 
University, Lucknow 

Rode, K P, M.Sc, Asst Professor of Geology, Benares Hindu 
University, Benares 

Saha, Jogendra Mohan, MSc., Manager, Sitalpnr Sugar Works, 
P O Dighwara, Diet Saran 

* Saha, M.N, DSc., FR8, F AJSIi, F Inst P.,PR.8,Pnlit Professor 

of Physics, University College of Science, 92, Upper Circular 
Road, Calcutta 

* Sahni, B, DSc, ScD, FJtS, Professor of Botany, Lucknow 

University, Lucknow 

* Sane, S M, B Sc, Ph D, Reader, Chemistry Department Lucknow 

University, Bodshah Bagh, Lucknow 

* Savona, Ram Kumar, DSc, Lecturer m Botany, Allahabad 

University, Allahabad 

Seliroff, M.L, BA, M.S (Mass), Head of the Department of 
Pharmaceutical Chemistry, Benares Hindu University, Benares 
Sayeeduddm, M, MA, B.Sc, Professor of Botanj, Osmama 
University, Hyderabad, Deccan 

* Sen, Jitendra Mohan, M Ed, BSo^ Teacher's Dtp, FR.G&, 

D Ed, Principal, Krtshnagar College, Krtshnagar 

* Sen, K C, D Sc, Officer-m-charge, Animal Nutrition Section, 

Imperial Veterinary Research Institute, Izatnagar, U P 

* Sen, Nikhil Ranjan, DSc., Professor of Mathematics, 92 Upper 

Circular Road, Calcutta 

* Son Gupta, N N, Ph D, Professor of Psychology, Lucknow 

University, Lucknow 

* Sen Gupta, P K, D Sc , Weather Section, Indian Meteorological 

Department, Bhamburda, Poona 5 

Seth, Tnlok Nath, M Sc, Ph.D, Lecturer and Head of the 
Department of Medical Chemistry, Medical College, Patna 

* Sethi, Nihnl Karan, D So, Agra College, Agra 

Sethi, D R., Esq , 1A.S., Director of Agnoulture, Bihar, Patna 
Shabdc, N G, DSc, Professor of Mathematics, College of 
Science, Nagpur 

Sharraa, Dhyan Swarup, B So, 40, Kaiserbagh, Lucknow 
Sharma, P N, M Sc., Physios Department, Lucknow University, 
Lucknow 
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Date of 
Election 

16- 9-91 
18-9-86 

3-4-33 t 
3-4-33 

10-5-37 f 

17-12-35 

10-5-37 

17- 4r31 

18- 9-35 

19- 3-31 f 
10-8-33 

16- 9-81 
19-12-32 

17- 4-31 t 

20- 4-86 
17-12-36 

9-11-86 

16-9-87 

23-4-37 


Alphabetical List of Members 

8 harm a, Ram Kishore, M 8c , Physics Department, Ewing 
Christian College, Allahabad 

Shukla, Janordan Prasad, M Sc, Indian Institute of Sugar 
Technology, Cawnporc 

* Siddiqi, M.R., Ph D, Professor of Mathematics, Osmania Univer¬ 

sity, Hyderabad, Deccan 

* Siddiqm, Mohammad Abdul Hamid, MA, MS, F R C S, DLO, 

Professor of Anatomy, King George's Medical College, 
Lucknow 

Singh, Bawa Kartar, M A (Cantab), ScD,FIC,IES, Professor 
of Chemistry, Scicuce College, Patna, and Chemical Adviser to 
the Department of Industries, Bihar 

* Singh, Bhola Nath, D Sc, Kapurthala Professor of Agricultural 

Botany and Plant Physiology, Head of the Institute of Agri¬ 
cultural Research, Hindu University, Benares. 

Singh, T C N, D Sc, Asst Economic Botanist, In-chArge 
Botanical Section, Sabour (Bihar) 

Soonawala, M F, M Sc, Maharaja's College, Jaipur (Rajputana) 
Snvastava, Bishwambhar Nath, M Sc, Lecturer, Physics Depart¬ 
ment, Allahabad University, Allahabad 

* Snvastava, P L, M A, D Phil, Reader, Mathematics Department, 

Allahabad University, Allahabad 

* Snvastava, R C, BSc (Tech), Sugar Technologist, Imperial 

Council of Agricultural Research, India, Cawnporc 

* Snkantia, C, B A, D Sc, Medical College, Mysore 

* 8trang, J, A, M A, B Sc, Professor of Mathematics, Lucknow 

University, Lucknow 

* Sulaunan, S M., Hon’ble Sir, Kt, M A, LLD, D Sc, Judge, Federal 

Court of India, Delhi. 

* Sur, N K,D8c, Meteorologist, Meteorological Department, Poona 
Tandon, Amur Nath, M So, D Phil, Physics Department, Allahabad 

University, Allahabad 

Tandon, Frem Narain, M.Sc., ICS, Joint Magistrate, Gaya, 
Bihar 

Thapnr, G 8, PhD, Reader in Zoology, Lucknow University, 
Lucknow 

Tiwan, N KL, MSc (Alld), Asst Professor of Botany, Hindu 
University, Benares 
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Alphabetical List of Members 

* Toahmwal, G R, M.Sc, DSc, Physios Department, Allahabad 
University, Allahabad 

Tnvedt, Hruhikesh, M 8c., D So., Physical Assistant, Government 
Test House, Judge's Court Road, Alipur (Calcutta) 

Varma, Rama Shanker, M Sc, Christ Church College, Cawnpore. 
Varma, 8 C, MSc, Zoology Department, Allahabad University, 
Allahabad. 

Vaugh, Mason, BSe (Ing), Agricultural Engineer, Allahabad 
Agricultural Institute, Naim (EIRy ) (Allahabad) 

Vestal, Edgar F., PhD, Botany Section, Agricultural Institute, 
Naim, E.IR. 

19- 3-31 f * Vijayaraghavan, T., DPhiL, Reader, Mathematics Department, 

Dacca University, Rarana, Dacca 

30-4-35 f * Vishwanath, B., Rao Bahadur, F LC, Director, Imperial Agncuitural 
Research Institute, New Delhi. 

20- 4-35 f * Wadia, D N, MA. BSc., FGB FR.G.S., Geological Survey of 

India, 27, Chowruighee, Calcutta 

1-1-30 t * Wall, Mohammad, Ch., M.A, PhD, LES, Professor of Physics, 
Lucknow University, Lucknow 

Jf B —The Secretaries will be highly obliged if the members will kindly bring to their notice 
errors, if there be any, in their titles, degrees, and addresses 


Date of 
Election 

lft-3-31 

16-9-36 

3-4-34 

20-12-31 

9-2-34 

2-3-37 



APPENDIX 4 

List of Exchange Journals 
INDIAN 

Publishers Journals 


ALLAHABAD 

Mu Pi Omega Society 

BANGALORE 

The Indian Academy of Sciences 

it 

The Indian Institute of Science 

n 

n 

Department of Electrical Technology, 
Indian Institute of Science 
Society of Biological Chemists, India 

BOMBAY 

Haffkine Institute 

CALCUTTA 

Asiatic Society of Bengal 

If 

» 

n 

National Institute of Sciences of 
India 

W 

If 

» 

Indian Association for Cultivation 
* of Science 


Proceedings of tho Mu Pi Omega 
Society 

Proceedings of the Indian Academy 
of Sciences, Section A 
„ Section B 

Journal of the Indian Institute of 
Science, Section A 
„ Section B 
Current Science 
Electrotechnics 

Proceedings of the Society of Biolo¬ 
gical Chemists, India 

Report of the Haffkine Institute 

Journal of the Asiatic Society of 
Bengal (Letters) 

Journal of the Asiatic Society of 
Bengal (Science) 

Year Book 

Journal and Proceedings of the Asiatic 
Society of Bengal 

Transactions of the National Institute 
of Sciences of India 
Indian Science Abstracts 
Proceedings of the National Institute 
of Sciences of India 
Report of the Council of the National 
Institute of Sciences of India 
Indian Journal of Physics and Pro¬ 
ceedings of the Indian Association 
for the Cultivation of Science 
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Publishers 

CALCUTTA 

Bose Research Institute 

Indian Science News Association 
Indian Chemical Society 

Oxford University Press 
COONOR 

Nutrition Research Laboratories 
MADRAS 

Department of Fisheries 
Madras Government Museum 

NEW DELHI 

Industrial Research Bureau 

Imperial Council of Agricultural 
Research 


NAGPUR 

Nagpur University 

HYDERABAD (DECCAN) 

Osmanin University 
PATNA 

Philosophical Society, Patna Science 
College 

POONA 

Indian Meteorological Department 


Journals 

Transactions of the Bose Research 
Institute 

Science and Culture 

The Journal of the Indian Chemical 
Society 

Indian Physico-Mathematieal Journal 

Publications of the Laboratories 

Journals, Administration Report 

Bulletin of the Madras Government 
Museum, Natural History Section 

Bulletin of the Indian Iudustnal 
Research 

Indian Journal of Agricultural Science 

Indian Journal of Veterinary Science 
and Animal Husbandry 

Scientific Monographs of the Imperial 
Council of Agricultural Research 

Agriculture and Livestock in India 

Nagpur University Journal 

Journal of the Osmania University 

Bulletin of the Patna 8cience College 
Philosophical Society 

Scientific Notes 

Memoirs of the Indian Meteorological 
Department 



FOREIGN 


Publishers 


Journals 


Austratta 


ADELAIDE 

The Royal Society of South Australia 

EAST MELBOURNE 

Council for Scientific and Industrial 
Research 


Radio, Research Board Council for 
Scientific and Industrial Research 

MELBOURNE 

Royal Society of Victoria 

SYDNEY 

Ro>al Society of New South Wales 


Transactions of the Royal Society of 
South Australia 

Journal of the Council for Scientific 
uud Industrial Research 
Pamphlet of the Council for Scientific 
and Industrial Research 
Annual Report 

Bulletin of the Radio Research Board 


Proceedings of the Royal Society of 
Victoria 

Journal mid Proceedings of the Royal 
Society of New South Wales 


VIENNA 

Akademic der Wissenschaften 


ii 


Austria 


Anzeigor (M nthematwch-niUuny ibs- 

enschaftlichc Klasse) 

Anreigor (Phtlosophisch-histortai ho 
Klasse) 

Almanach 


Bflgium 

BRUSSELS 

L’ Academic Roj nle de Belgique Bulletin de In Olasse dee Sciences 

„ A muiaira de 1’Acadenue Roj ale de 

Belgique 

Brazil 

RIO DE JANEIRO 

Instituto Oswaldo Cm 2 Memonas do Institute Oswaldo Cruz 
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Publishers 


Journals 


Canada 

OTTAWA 

The Royal Society of Canada 

The National Research Council 

lORONTO 

The Royal Astronomical Society of 
Canada 

VICTORIA 

The Dominion Astrophysicnl Obser¬ 
vatory 

China 

NANKING 

National Research Institute of Biology, Smcnsia 
Academia Simctt 

Zoological Society of China, Academia Chinese Journal of Zoology 
Simca 

National Research Institute of Che- Memoir of the National Research 
mi8try, Academia Simca Institute of Chemistry 

SHANGHAI 

National Research Institute of Phy- Scientific Papers of the National Ro¬ 
sies, Academia 8imca search Institute of Physics 

Denkabk 

COPENHAGEN 

Det Kgl Danske Videnskabernes 
Selskab 

M 

L’Acadlmie Royale des Sciences et 
des Lettrea de Denmark 

Laboratoire Carlsberg 

Egypt 

CAIRO 

The Egyptian Medical Association Journal of the Egyptian Medical 

Association 


Mathematisk-fysiske Meddelelser 

Biologiske Meddelelser 
M&noires de I’acaddmie Royale des 
Sciences et des Lettres de Denmark 
Comptes-Rendus des Travaux du 
Laboratoire Carlsberg 


Transactions of the Royal Society of 
Canada 

Annual Report 

Journal of the Royal Astronomical 
Society of Canada 

Publications of the Dominion ABtro- 
phy8ical Observatory 
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Publishers Journals 

Enuj and 


Technical Communications 


ABERDEEN 

Imperial Bureau of Animal Nutrition 

ABERYSTWYTH 

Imperial Bureau of Plnnt (luieties 
Herbage Plant* 

ST ALBANS, HERTS 

Imperial Bureau of Agru ulturul 
Parasitologj 

CAMBRIDGE 

Imperial Bureau of PI ml Uenitux 
School of Agrieultun 
The Philosophical Socioh 

EDINBURGH 

The Royal Sot ieti of Edinbuigh 
HARPENDEN 

Imperial Bureau of Soil Science, 
Rothnmatcd Ex|>eriment U Station 
»» 

EAST MALLING, KENT 

Imperial Bureau of Fruit Produt tioti 

LONDON 

Tho Electrician, Bom eric Hoimt 
TEDDINGTON, MIDDLKSKX 
The National Plnsical Labonton 


F 7 


Bulletins 


Il( Immthologu d Abstracts 
Bibliography of Helminthology 

Plant Brec ding \bstru t* 

Proceedings of the Cambiidgi Pln- 
I osopineal Society 

Pi oi codings of the Royal South of 
Edinburgh 

Technical Coimmmu itionx 

Reprints 

Reports 

Ifortu ultmal \bstm<ts 

Lleclrician 

Reports of the Nitional Ph>stcd 
Laboratory 

Collected Researches ot tin Nitional 
Phj sioal Laboratorj 
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Publishers Journals 

France 

PAULS 

L’lnstitute Henri Pomcard Annales do l’lnstitute Henri Poincartf 

Do La Station Biologiquo do Roscoff Travaux de la fttntiou Biologiquo do 

Boscoft 


Gfrmanv 


BERLIN 

Preuspischon Akadomie der Wirsous- 
ehafton 

Dcutschcii ChuniBcheu Gosollsth ift 
GOTTINGEN 

Uensellaclmften Wissenachnften /u 
Gottingen 


« 

»♦ 

HEIDELBERG 

Hcidelbergcr Akndcnue dcr Wlssons- 
(hnfton 


LEIPZIG 

SnchsiHche Akadomie der Wwsens- 
ohafteu 


Siteunggborichto Der Prcuasiachcn 
Akadcimo 

Benchto Dor Deutschcn ChomiKcheu 
Gesollflchaft 

NachricUten von dor Gaflellnclinlt dor 
Wisaonschafton zn Gottingen 
Mathcmatisch-Physikalischo Klasse 
Facligruppo I Matheraatik 

„ II Phyaik, Astronomic, 
Geophysik, Teoh- 
mk 

it III Ohernic, einschl 

Physikahsche Chetme. 

„ IV Geologie und Mmor- 
ologie 

„ V Geographic 

„ VI Biologic 

Gesclmftlichc Mitteilungen 

SiUuugsbcncbte dor Heidelbergcr 
Akadomie der Wisseuachafteu, 
MathomatiHch-uftturwmsenschftftr 
liche Kl&sse 


Benchte der Mathemntisho Physifl- 
ohen Ktasse 
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Publishers 

LEIPZIG 

Sftchaleche Akadomic dor Wtssons- 
chaften 

MUNCHEN 

Bnyenschcn Akadcmie der Wisscns- 
chaften zu Mfinchen 


Journals 

Abliandlungcn dor Mathcmatisch- 
Physischen Klnssc 

Sit/ungsbcnohte dor Mathcmutisc h- 
naturwissensclmfthchon \btcilung 


IIouand 


GRONINGEN 

Kapteyn Ystronomica) laboratory 
LFJDEN 

Kamorlmgh Onncs Laboratory of tho 
University of Lcidon 


Publications of tho Kaptoyn Astrono- 
imcnl Laboratory 

Communications from the Physical 
Laboratory of the Umvi rsity of 
Leiden 

Communications from Kamcrlingh 
Onnes Laboratory 


BUDAPEST 


ritiM.Adi 


Dor Unganscheu Vkadcime dcr Matheinatishcr und Naturwissen- 
Wissensi haften schaftlichcr Anzeigcr 


PALERMO 

Circolo Mathematico di Palermo 


IrviY 


Reudiconti dil Circolo Mathematico 
di Palermo 


Japan 

HIROSHIMA 

Hiroshima University Journal of Science of the Hiroshima 

University, Senes A 

KEIJO 

Medical Faculty, Keijo Inapeml The Keijo Journal of Medicine 
University 



( 48 ) 


Publishers 

KYOTO 

Pli>sica-choimcal Society of Japan, 
Kyoto Imperial University 

OS \K V 

The Faculty of Science, Osaka Impe¬ 
rial University 

SAPPORO 

The Faculty of Science, Hokkaido 
Imperial University 

SJiND \I 

Imperial University of Tohoku 

TOK^ O 

The Imperial Academy 

The Institute of Physical and Chemi¬ 
cal Research 

The National Research Council of 
Japan 

n 

»» 

n 


TIk PhvsKO-Matheiuaticftl Sonetyof 
Japan 


HSINCIIING 

The Institute of Seientifie Research 


MANILA 

Bureau of Sciences, Department of 
Agriculture and Commerce 


Journals 

Review of Physical Chemistry 
of Japan 

Collected Papers from the Faculty of 
Science 

Townal of the Faculty of Science, 
Scries I, Mathematics 

Science Reports of the Tohoku 
Imperial Universitv 

Proceedings of the Imperial Academy 

Scientific Papers 

Japanese Journal of Mathematics 

Japanese Jonrnal of Botan> 

Japanese Journal of Physics 

Japanese Journal of Astronomj and 
Geophysics 

Report 

Report of Radio Research 

Proceedings of the Pbysico-Mathcma- 
tical Society of Japan 

o 


Rei>ort of the Institute of Scientific 
Research 


Philippine Journal of Science 


MANCHOrkt o 


PllILIlUMNE IsCANDh 
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Publishers Jourinln 

Poland 


CRACOVTE 

Academic Polonoiso don Si tenees i*t 
des Lettrea 

»l 


»» 

*» 


Polska Akodemja Umiejotno^ei 
WARSAW 

Societo des Sciences ct des Ivottres do 
Varsovie 

11 


»* 


Goinptcs Kcndus Mcnautls des Stances 
de In class? des S< unices Matin'nmti¬ 
qucs ct Naturelles 

Compton Kcndus Mensucls des Seances 
dc In class? do Medocinc 
Bulletin International, clasae des 
Sueiucs Math^matiQUCs ct Nuturcl- 
Ioh, Sene A Sciences Mathenmti- 
ques 

Bulletin International elasse des 
Sciences Mathc nmtiqucs ct Naturcl- 
los, Seric B Sciences Naturelles (T) 
Bulletin Iuterimtionnl, elasse des 
Sciences Matin nmtiqucs et Nature!- 
ics,Scrie B Sciences Naturelles (II) 
Mcmoires, classc des Sciences Matlu*- 
nmtiques et Naturelles, Sene V 
ScictK cs Mnthcmntiqucs 
Memoirs, elasse des Sciences Mathe- 
matiques <t Naturelles, Sene B 
Sciences Naturelles 

Bulletin Intern itional, dasse de Mo- 
dccine 

Memoires dassc de Midecme 
Sturumn 

Oomptos Rendu* des Seances, class T 
(je/yko/nawstwn i historji hteratury) 
Tomptcs Kcndus des Seances, class II 
(historyc/nych, spolccrnych i filozo- 
tic7nych) 

Comptes Rendus des Seances, class ITI 
(matcmatyc/no-fizycznych) 

Comptes Rendus des Seances, class IV 
(biloRicznyob) 

ActA Ph>sica Polomcn 


Polish Physical Society 



( W ) 


Publishers 


Journals 


Nln Zealand 


WELLINGTON 

Roj !il Society of New Zealand Transactions and Proceedings of the 

Royal Society of New Zealand 


C VPE TOWN 


South Africa 


Royal Society of South Africa Transactions of the Royal Society of 

South Africa 


Swedfn 


LI NI) 

Kungl K\ siogmflska Sallskapets 
STOCKHOLM 

Kungl Svenska Vctenskapsnkadcnue 

I PPS V.LA 

Uppsala Universitet 


Kungl Fysiografiskn Sfillskapets For- 
hnndlingar 

Kungl Svenska Vetenskapsnkade- 
miens Handiingar 

Uppsala IJnivcrsitets Arssknft 


GENEVV 


Su rm rlanp 


Sooi^te do Ph> sique et d’ Histoiro Compte Rendu des Stances dc La 
Natnrello de Genhvc SocicU 5 de Physique ct d’ Histoiro 

Naturalle do Genfeve 


Union of Sovjft So< iaust Rk publics 

KHARKOV 

Chaikovsnknya 1(> Physikalische Zeitschrift dor Sowjet- 

Union (stopped after March, 1038) 

LENINGRAD 

The Akadomie der Wissensehafteu Bulletin de I’Academie des Sciences 

Matblmatiqaes et Nature!les 

MOSCOW 

De l’Acaddmie des Sciences de Coraptea Bendas (Doklady) 

ruRSS 
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Publishers 

Do FAcadwmc dos Sciences do 
t’URSS 

UKRAINE 

A endemic des Sciences d’Uknune, 
Kjivc 

II 

II 


Journals 

Bulletin de l'Academic dos Sciences 
do rURSS cltt8so dos Sciences 
Mathunatiques et Main roll oh 


Journal du Cycle Ph>fliquo ct de 
Cheinte 

Journal du Culp Muthonatiquo 
Bulletin do la clasac des Scum cm 
P hysiques et Matilda iliqiics 


UMriSD SiAr>H ufr AAl Hill A 


ALLEGHENY CITY 

Allegheny Obsorvatorj of tlio Uni- 
vorsit) of Pittsburgh 

BOSTON 

Vinerican Academ> of Arts and 
Sciences 


CALIFORNIA 

The Mount Wilson Obscrvntor> 


Liuversity Library 

Lick Observatory, Uiuversit) of Cali- 

forma 

CAMBRIDGE MASS 

Massachusetts Institute of Technology 


Publications of tin Alhghenj Ob¬ 
servatory 


Proceedings of the American Aiad< 
my of Arts and Sciences 
Munoirs of the American Aeiditm 
of Arts and Sciences 

Contributions from the Mount Wilson 
Observatory 

Communications from the Mount 
Wilson Obsw rv itory 
Report of the Director of the Mount 
Wilson Observatory 
Publications in Zoology, l Diversity 
of California 

Lick Observatory Bulletin 


Journal of Physics and Mathematics 
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Publisher* 

CHICAGO 

The University of Chicago 

LAWRENCE, KANSAS 

The University of Kaunas 

MICHIGAN 

Observatory Librun, University of 
Mu hignn 

NEW YORK 

Bell Telephone laboratories 

American Telephone and Telegraph 
Company 

Roonexelt Wild Life Forest Ex¬ 
periment Station 

The Vnurican Museum of Naturil 
History 

New York Vendeiny (if Hciemes 

American Institute of Pliyaics 
» 

NEW HAVEN, \ ALE 

Vstrononucnl Observatory of Yak 
University 

Sc< rotary, Aaiencnn Journal of 
Science 

PHILADELPHIA 

The Frinklm Institute of the State 
of Pennsylvania 

\ mono an Philosoplnenl Society 

Academy of Natural Science* 


Journals 

Astrophy steal Journal 

Scioneo Bulletin 

Publication* of tho Obftervatoiy of the 
Uimersity of Michigan 

Bell Telephone System Technical 
Publications 

Bell System Technical Journal 

Rooso\elt Wild Life Annals 

American Museum Novelties 

Vnnal* of the New York Atadeim 
of Sciences 

Review of Scientific Instrument* 

Journal of Chemical Physics 

Transactions of the Astronomical Ob¬ 
servatory, Yale University 

American Journal of Science 


Journal of the Franklin Institute 1 

Proceedings of the American Philoso¬ 
phical Society 

Proceedings of the Academy of Natu¬ 
ral Sciences of Philadelphia 
Miscellanea 

Library Annual Report 
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Publ ishers J ourimls 

WOODS HALE, MASS 

Marine Biological Laboratory Libmn The Biological Bulletin 
WASHINGTON 

The National Academ> of Sciences Proceedings of the National Academy 

of Sciences 

Smithsonian Institute Publications 

Department of Commerce, Bureau of Public itioim of the Bureau of 
Standards Standards 

The Commissioner of Kwlu tu s Publications 


P 8 
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Journal subscribed b> the National Academy of Sciences, India, during tile 
year l‘>38 


Ofveual 


Publishers 


Journals 


liirschwaldsche Ducliliandluug, Berlin, Die Naturwwseuaeh if ten (Stopped 

N \Y 7 afto May, 1!)18) 
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APPENDIX 6 


List of I’Ai'Fiw Commjnic ati-d to tiif Acaw-ma nruiN( 

January 1988—DM.hMBFii 1*138 

1 Parachor and velocity of sounds m metallic elements by fimayendra Natli 

Sen, Chemistry Department, Burdwau Raj College, Burdwnn 

2 On the distance of < loscst approach of atoms by Bum)endra N ith Sen, 

Chemistry Department, Burdwau Raj College, Burdwau 
3. On a physico-chemical theory of photo-electric threshold by Binayendra 
Nath Sen, Chemistry Deportment, Burdwau Ra] College, Burdwnn 

4 On a physico-chemical theory of lotus itiou of atoms on the basis of str-un 

by Buin)endra Nath Sen, Chemistry Department, Burdwau Ra] College, 
Burdwan 

5 Chemical examination of the* fruits of Physalw junnnnna or Cape 

Gooseberry, Part Hi, by Jagraj Behan Lai, Chemistry Department, 
University of Allahabad. 

(1 Study of F-rogion ionisation at Allahabad by B 1) Pant and R R. Bnjpai, 
Physics Department, University of Allahabad 

7 On a new species of the genus Astwtiema Looss (1901) from the intestine 

of a fresh water fish, ('lartas batracftun (from Lucknow) by J Dayal, 
Department of Zoology, Lucknow University 

8 On the occurrence of Skrjabmema ovtft (Skrjabin 1915) m India by M 

Abdussalam, Punjab Veterinary College, Lahore 

9 The genito-unnary system of the Indian ground squirrel (Fnnnmbnlns 

palmaruni ) by M A II Siddup, Department of Anatomy, K G Medical 
College, Lucknow 

10 Colour and chemicnl constitution The organic and inorganic salts of 

diphenylviolunc acid by Satya Prakash and Sikhibhusan Dutfc Chemical 
Laboratory, University of Allahabad 

11 Indigoid dyestuffs derived from chrysoquinone bj V L Varma and 

Sikhibusan Dutt, Chemistry Department, University of Allahabad 

12 Studies on the trematode parasites of fishes A new trematodc, Knanm 

hyderabadi, n gon, u sp from the intestine of a fresh water fish, 
Ophtocephalus punctatus, by J Dayal, Zoology Department, Lucknow 
University 

18. Caustic soda and alumina from salt and bauxite (a new process of 
manufacture) by V 8 Dubey, Y P Varshney and R. 8 Smarms, Depart¬ 
ment of Geology, Hindu University, Benares 
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11 Notes on the microscopic studies of the igneous rocks of Elephants, 
Trombay and Salsettc islands and Parncra hill by A S Kalapesi nnd 
R N Sukheswala, St Xavier s College, Bombay 
15—22 Studies on the effect of alcohol on the metabolism of green leaves, 
Parts I—'VIII by U N Chattcigi, Botany Department, University of 
Allahabad 

23 New avian trematodes (Family Diplostoimdcie) from Indinn birds by 

It D Vidyarthi, Zoology Department, University of Allahabnd 

24 On the formation of Liesegang rings in the presence of precipitates by 

Binaycndra Nath Sen, Chemistry Department, Burdwan Raj College, 
Burdwan 

25 Mathematical theory of a new relativity, Chapter XVI, Generalised gravi¬ 

tation by Sir S M Sulaimnn, Judge, Federal Court of India, New Delhi 

26 The solution of certain types of differential equations by A C Bnntrji 

nnd P L Bhatuagar, Mathematics Department, University of Allahabad 
‘27 The fate of the Duct of Cuvier m man nnd certain other mutum ils by 
M A. H Siddiqi and R. V Singh, Department of Anatomy, K G Medical 
College, Lucknow 

28 (’hanges in respiration and H-ion concentration m wounded potato tubers 

by B N Singh and M L Mehta, Institute of Agricultural Research, 
Hindu University, Benares 

2!I Annotated list of helminths from domesticated animals of Burma, Part I 
(Trematoda) by R. C Chnttcrjq Helminthological Institute, University of 
Rangoon, Burma 

30 Tungsten and molybdcum powder in organic synthesis by Gann Shankar 
Basu and Sikhibhusan Dutt, Chemistry Department, University of 
Allnhabad 

11 Cadmium powder ns a synthetic reagent by Anil Chandra Chntterji and 
Sikhibhusan Dutt, Chemistry Department, University of Allahabud 
82 Composition of Patent Still molasses fusel oil of Indian origin by 
Sikhibhusan Dutt, Chemistry Department, University of Allahabad 
H A new strigeid trematode of the genus Cramphtaia V Ilaitsina 1925 
(Family Diplostomidce Poirier) from an Indian King-fisher by B P 
Pande, Zoology Department, University of Allahabad 

34 On two new trematodes from Indian Cyprmoid fishes with remarks on the 

genus A lloct eaditim Looss by B P Pande, Zoology Department, Univer¬ 
sity of Allahabnd 

35 A note on the telescope method for determining the focal length of lenses 

and mirrors by Sukhdco Behan Matliur, Physics Department, University 
of Delhi 
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33 Chemical examination of the essential oil of Onmttm rannm by Jngat 
Narain Tayal and SikhibhuBan I)utt, Chcimstr> Department, University 
of Allahabad 

37 F-rcgion ionisation in Juno 1938 at Allahabad bj K B Mathur and 

G R Toshmwal, Physics Department, University of Vllahabad 

38 Osculating quadrics of a ruled surface by R Behan, Mathematics Depart¬ 

ment, University of Delhi 

89 On the tremntodo genus Ljperosnmum Loss, 1890 (Dicrouclnda?) with « 
description of two new spoues from India b> 11 P Pando, Zoology 
Department, University of Allahabad 

40 Two new species of the trcmatodcs from Anhmga mdanogaaicr^ thi Indian 

darter or snake-bird by B P Pande, Zoology Department, University of 
Allahabad 

41 Changes in the viscosity of agar sol with temperatrue by S N Banerji 

and S Ghosh, Chemistry Department, University of Allahabad 

42 Changes in the viscosity of agar sol with concentration by S N Runerji 

mid 8 Ghosh, Chemistry Department, Um\cr»it> of Allahabad 

43 Constitution of Santalm by Jagraj Iklmn Lai, ChcmiBtry Department, 

University of Allahabad 

44 Migration of para halogen atom in a derivative of meta-cresol by A B Sen, 

Chemistry Department, Luckuow Umvc rsity 

45 Further studies of the F-region ionisation at Vllahabad by It R Bijpai 

and R D Pant, Phi sics Department, University of Allahabad 
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